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fflid 81S hc«rs of eogioe oparatioii ^ro cos^plet J 

.^.fij. ««»-u 

xncluded a varieble-pieeh faa ha^iEg 
a bsil-fiplia® pitch sstu&tion systm. 

.idoiSri‘L"s“riZc“‘^”*tS^^^^ ” 

iidslL^^JisTlSl et eSmisE ®ae reach^^ths 

8ioa pSfoj^^SS SartrSjec^^^ r"®£®^ predicti^, tfe® ■ 

feasod ca ps^^r ssSiags for s 60§ 6 S®a^ »®s 

that a 914.4 s C30§9 ft) stsasssw e=«L 9 »«? s. ^Rsay, arai stjjsSies iE«Si€St®d 

SPSdB gcal could lt@ at ^ ® ®sre^ likely reeuirsssEt. '^e 95 

C30SS ft) ' 6®® le^r poiJar settisg required for a S14.4 s 

.11 I? 2 ^ “ 1 ‘ f..tios, ».«io 

ji^cti^es ®2o.e|.£ the 35 parceot reverse Ehrust goal. 






removed zTcm tm test stand in 107« t*. - ' ' — 

for acoustic eacfaaolcgy Lstfto Lv^tlLtl J ®Hed io July 1978 

uasuppressed noise levels. hx^er-then-ezpecte 


Ibe fully autc^Eic control nsode 
iod^ indicating very stable operation 
and tjith iisited {five percent) power 
attesi^sEed, a speed overshoot of 300 
to fee a result of interaai leaiiage in 

bi^es, and could possibly be allevia? 
this control circuit. 


^as activated during the finsl test per- 
at several Steady-State po^r settings, • 
transients. I-Jhen larger transients were 
was observed. This problem is believed 
the hydraulic motor that positions the' 
ed by increasing the electrical gain in 
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center for forrhor t.otiog vith . »>i/fUp 
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H&fi Gsaarsl Electric Ca^nj is currently esgsged in the Quiet, Clean, 
S-hort-Esul Esperi^atsl Engise Frogrs^ (QCSEE) x^dev Conttact MAS3-lS02i to 
the MS^Lsffis lesesrcis Center* the Oader-the-^ing (UIW) engine ifas designed 
and built under the program, to develop and deiac?nstrate technclcgv applicable 
to esgi^s for f^ure estemally blotsa flap short-haul treespoit aircraft* 

The engis^ contaissed the follo^ag advanced technology features: 

o Variable-pitch fan 

0 Composite fan blades 

o Ball-apliae blade sctuatioa &ystem 

0 Main Heductioa Gear 

o Cs^pesite fau 

® Bigitsl control 

the^isitial build^ of the UTM engine ^as tested ?#ith a boilerplate 
nacelle during the ^riod fr^ 2 throu^ December 17, 1976, ss 

reposed £a Ssfesr^es 1 . Cainstslled and ioatslled perfor^Ece were io- 
wes£igat®d. TssCiEg wss iaterrupted during iaieisl reverse tbrust testing 
by aa e^'^st a© 2 sle attachs^st ring failure*. 

The eegiae was repaired, the hamoaic drive variable actaatioa systm 
was replaeed with a^ball-splis^ systes, and '•he ^gine was reinstalled with 
the eo^lete ce^KSsite tsseelle to rest®e testing in July 1977, Ihis '■ssort 
covers all testis® o£ the final eagisa configsrstion. ' ‘ 
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^•0 PgSCRimON OF EQPIPHEOT -nrc-^n 


.nd tefer«n« 2 ) 

or‘i“. K Sir 

.« . Eo»r-fUp «2h.„K „„u“' 

consisced of a shroud and plug boj.u exhaust nozsie 

^tal parts «railabie. Ihe engine was acoustically treated 

design for perforaance calibration and a eo inlets: a bellssouth 

inlet designed to suppress forward-radiatedT^*^'"®-^^®^ ntieSisr 

description of these coaponents follow^ ^ ^ detailed 

propulsion system is provided in Figure *2/ ‘^’^°®®~®®=tion drawing of the 

SOT0E ASSKMRT.y 



inclnd'^: by General Electric, 

the hycravlic Eotor. The Esotor seM^ a'nitf^h pressuxe oil to 

ferential gear set and a no-back, ^f-ion ®®^ad throu^ a dif- 

beve^ spline, rotating two opposed ^rine ^ reduced in a ball 

the b„.. of tho bl«io, to ,oty SlS'piS’y^r '"*''** 

3.2 KAIK RECgCTIOH GEAR 

The main reduction gear set for the UTv 
configuration developed by Curtiss-Wri^.K^ p ^ ^ ®" epicyclic star 

tprbiao totor £o opUb.o L o .S lichT"””' 

set of six star gears. Ihe star sta-r. ^ <^rives a ring gear through a 
roller be.-^rings which are supported by tandem, spherical 

requirements for the reduction <faar- ^ ^*-^ed carrier. Lubrication 

(18 gpm) at idle to approximately l^lllcuT-T U34 cc/s 

ratio is 2.4648, and both thf» ir»n jt ^ SP^) at takeoff. The eear 

prevoot „.f„o Oofl.ttfooo 
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eiiSiriAL P^GE IS 
OF POOS QUALIW 








3*3 

tion of several separate structure fortsed frca ietegra- 

^ the frffiss ctsabines the functioo of the naT i? outer casing 

^13 casing provides part of the external outer shell, 

internal fan flo^pathl Fan blade surface as well as the 

structure integrated into the forward wrtS ® grooved 

Bent of failed composite airfoils is pwSded casing. Ctentain- 

outer casing. Positioning of the fan Lsd eora ^ Eevlar band in the 

casing IS provided by 33 vanes which also a« relative to the outer 

vanes. The hub of the frasi L coS^ciS t ^ stator 

equally spaced struts. The inner shell splitter throu^ sis 

a^ core duct surfaces of the fra^ sphtLr Jfrh **“‘=*= 

bpass vanes are perforated to providr^o.!!;,* ® faces of the 

rtructure. The forward end of the coL^ suppression within the fraiEa 

frame at the exit of the frame ®“ach^ to the rear of the 

attach by a tonguc-and-groove arra^sa«ir^ fv 

of the frame, the core^SI doors^S i! at the rear 

•K f f® P*-ovides the maior sup^!? ^ 

uniball and two thrust mounts iocatel^t'thTt^p S eh^ " 

Mt of netallic Outlet* guide vani^StaSed^'SVe independent 

p~;g a^l 

h^hrough brased Joints into P--- 


3.4 EKGIMB 

•cril,3'.ffSi™ '»« "ith «,«£icM£o„ de- 

r«io“," »Tk^T(65iEiL‘cfcL'S%“»“ S“5'“ "-5 

«e variable to control stall margin and perfo™^.^® ®"® 

The stator schedule was modified L high4l^ P®«-speed conditions 

wrrccted speed and to provide additioSl s^ll ® percent 

The schedule change necessitated minormodffLl4 “ ‘^‘^® ^®“8®- 

age, and also a flex-cable feedback 5 ®”® ®ctuation link- 

shaft system. ® '^®®‘* Piace of the FlOl splined 

"cropped" at the tip/^^e *^®^® trailing edges 

the PFRT dovetail. rne^ecLl'arrtof spL'd r ®-foiI -u\S o\ 

ensure adequate vibratory margin. " ^ ^ 14,050 rpm to 


HK f®T 
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lover to achieve 

A single, «annelly operated ignLS : '=®®ting. 

natic systea. ® ^ P^®ce of the FlOl dual auto- 

YFlOl hi^ pressure turbine used in • 

utilizing very high tip speed to achievfthe reLiS f ®fe^«-stage design 
xn a single stage. Cooling air is introduced ^ energy estrsctios 

l^ated inWd of the nossle vanes. The v^erire ^ 

«ir. The UTW engine used FlOl ®Vsr !3 w? ’> cooled by 

t^parature and cyclic life advantages over the P^r^T «ieEa>astrated h'igl 

frequency screened to ensure that the tvo^strin. 

with vane passage frequency well ab-ve vibratory asde is resonant 

of the improved PV design. " ^ operating range, mv shrouds were 

two-stage, tip shrouded design°escep»-*^at"f'^”\r^* identical to the YFlOl 
This blade is slightly decaaLred tl'rl^uL t^ second-stage blade was used, 
increased energy extraction. Ihe turbin^f^ resulting from 

cm Cl inch) forward to accept the srreate?. * ^ vane/struts were extended 2.54 
also modified . p.evide eng^in^lu^^- SX^^u^cfF^l-^ 

function, and srirreducertrp^viL^r'"^'*® ^ P^^cent larger flow 

than in the FlOl. These changes. requirS fL . Wtion 

by rotating the vanes slightly i^ tS accomplished 

space^JroM:: fj- -.ioo end eliminate a 

cl^kwise with respect to the co^ressof S pioi • f ^ 20 * 

eliainated, since the digital conLoI r.ro-M^»l infrared pyrometer was 
taneously calculate T 41 based on measuLd^Pgs, io-stsn- 

rotor thrust coulS^norbfbalanced 

piston was therefore added to the rearof tJ. ^ balance 

balance the turbine rotor thrust. Fa^ rotor t^^^ T'”"- 

capacity ball bearing in the fan fraS. carried by a high- 

3-5 DIGITAL C0NTt?nT. 

The digital electronic manipulates variaM^.^ • 
representing those which would be receiv-d fr^ xn. response to cosaands 
system. The system includes an FlO^y ^ aircraft propulsion 

the digital control maintains primary through which 
operated servomechanisms in ^^lo k,.j_ 1 . “■,* ft fuel .low. The fuel- 


operated servomechani^s in the'hydrom^charJc -^‘ennf ^ 1 

slling elements and iiaics *^"i!“hn 1° primarily as 

-s for the cor^ T-’ T T the priaary 


bfic^"~up fuel cofitro 

controlling elementrf;? IZToll 

e core .o^^ressor stator actuators. 


Fan blade 


II 



cen£rol/*4ich farniSrSectri^al^^gnS by the digital 

electrical aignals to electrcMraalic ser^Jaivea. 

rocs el^nts ccseistiag of sn ^^tzoduced thrms^ the control 

panel. Tney provide seans for the easins opar^or panel, aasi engiseeriag 

switch bet^en available operating Bof<.e mrodnce ccssands, to 

md to Bonitor control and^ngine^d^^'' control constants, 

froa the control ro<®, the smS aisoVJ • conmnds 

of a pover lever angle (PLA) transmitted tHhi h i° the form 

ae^es as an input to the backup goveSor Lf S^y°5^<^cnanical control. This 
valve in the control. ^ ® operates a positive fuel shutoff 

system: control and engine variables are sensed by the control 


® Core sp^ed 

® Low pressure turbine speed 

® ^re inlet temperature 

® Core stator position 

® Compressor discharge teapersture 
® ^fetering valve position 
© Engine inlet static pressure 
* Fan inlet temperature 
» Free-st ream total pressure 
» Fan pitch angle 
’ nossle position 


^pressor discharge pressure 
® Power lever angle 

® Power demand -’''l 

^de Te opLJtircis^JSf fuS ©Peration. In the 

parameter), varies fan bLde Ing^To J («s a thL'st 

««« to now inlet M«ch number, in fr"^’ othsust Bottle 

dot.1 limits, ovetspeeb. end oiettt.;^;.^! a'i:.?”'"' *=«' 
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3.6 FAH ^Z2LE 

coasists of four c^posite^fiaps*^^ ^ese*fl^° inlet duriag reverse operatioa) 

three ia each rear cowliL half fjy<iraulic actuators, 

fl.p.. no, control "o bl ^f.i«"XoSo“ f"'"'*’’ “ 

in each cowl half is provided bv^hrc^n servovalve. Syechreniaat ioa 
half and by structural rigidity of the flau actuator in each 

synchronization bet%feen risht Ld nozzle flanges. Cross- 

couplii^ between two opposite StuaLrs^ ® rotary shaft 

3.7 CORE I^22LE . 

outer cowl bolted to the\S^con^<^ich*can S^t * interchangeable 

Eont. A radial service strut ^ 

e^eust nozzle to provid** a«rodvTia^,^^f^ • centerline of the core 

seal drain, and baUnIe ^istof SrJLS'th^f 

the 8t2^, strut is desired so throu^ the core msszle to 

be dissssenbled to remove thfcl^LS ead service lines need net 

and ceaterbody have been fabricated in both ft*^*^* outer nozzle 

eoafigu^ations. ^®rdwall and acoustically treated 

3.8 ACCESSORY DRIVE SYSSM 

ri^t ile be^Jr ®»re engine shaft through 

ted throu^ radial driv?shS°i;f!"f®" gearfeones). Hse power is tranmit- 
scavenge pump nsousted in the cor? cavity gearbox and to a 

Mounted on, and driven bv the ao.... ® ® ° the hot t<® vertical centerline, 

lubrication supply pmap hydraulic gearbox are the fuel pusp and control, 

pad. The radiir Irirahal^bet^eS^h"; rter drive 

gearbox has e central support beariu?^ tn gear and the accessory 

leas. The shaft betveenX inteSS beLf Preb^ 

punp does not require a central support bea?^*^ k”*^ bottom mounted scavenge 

length. central support bearing because of its short overall 


3.9 ZKLST 

Quiet^Ing'S "C» teiSuJriSerSs'ut iU^ad^ ®oaf igurat ions . The MASA 

acoustic testing. This inlet is mechaiic-nf 'stl aerodyn®ic and baseline 
prevent overload of the cossos^te ^coupled frcsa the engine to 

vibration. Aa sir seal is provided °*bv sage Sue to excessive motion/ 

to one-half of the flange and pressed^ar Scott-Felt, bonded 

provided by lead foil in a vinji cover r‘ ® acoustic seal is 

vinyi cover. Tne second inlet tested is a graphite/ 
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eposy cffisposite structure of flight contour Tk,'® • j- , 

froa Che fen fr^ by 16 rotary latches tkI f e ^ ^ cssuated 

Kach nnaber (0 79) and inteerfii » ®* * * features stt elevated throat 

ran noise. ®nd integral acoustic treaCsent to auppreas forward radiated 

3.10 am.iMG 

two seaicirLlardoorrLat include cosposite structure coneistiog of 
access is accoSodat^ m . ! Creat^nt. Core cc^ 

Th® outer fan^rfSe construction of the outer ducti-«g. 

heavy duty niano-tv^ cerry-throu^ eesaber by two 

Ml L”Mrs 

3.11 Ag?0STIC SPLirraa 

alundS sSsf^taraki^/ichinId^®^ls^^ exponent consisting of 

double-sandwich construction The le^if!’ resulting in a 
sachined alumnua rinS! Si aSli? ^ e«^f®.close-o«ts are 

supported fre® the fan duct doara i. s^ieircular strutures 

Sililt® seairhS! £n SHrtV‘hnnL'"'f fr ®i-f®il-ahaped struts, 

potential vibratory ^^veSK 2r‘L ® -^® epUtter halves to d^n 

to be removable. LSrS ^P^tter is designed 

1. ... ^ 

3 • X 2 

the^fan SLlfa^d r^arlnLrfacSr^n f "^® ^th 

to the ccapressor sed turbine is provided\w°h° ®^® ^cess 

core doors and skirt avs-^ ^ hingad-door construction. The 

®et of piL^en opLer^Z^^^^^ a 

air is LceTlroZ tL ^ 

upward through the pylon and to the fal strea^^ core cowl. It e^austs 


3.13 SKSIH2 MDUKTS 

Koraal engine thrust and other o—>raf-iV» 
aain engine nounts to the ^e»t 8t«-d ! loads are carried through the 

reacted at the frLt ^ount've- ^J^ust vertical, and side loads are 

turbine fraiss. s^ell of the 
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3.14 BtPRABLIC SDPgI.V svgygM 

ui*) 1“' “ “• --U 

hydraalic pistoa pssp £s drivaa b? the *<•<* ^ Psressure CMpesisfited 

floH outpat at coastant pressure to re>rv, gearbox and provides varyiag 

nossle and variable-pitc^ systesa sdsich are part of the fan duct 

aa®d froQ the servovalves, Jaryin^ fr^ How is detenained by the de- 

duriag the engine thrust reverLPtr^if^r condition to aasisua 

uses the saa^ oil as t^renginf^;^^^^^^ hydraulic system receives 
systea is filled, hoover, it functions varv n» ^®® hydraulic 

systea. A 10 -nicron filter providerr^nl^ T ^ independent closed 

i=l«t. provides contaainant protection at the servovalve 

3.15 FSEL SYSTSM 

CMponent^ ^^JsJm^inclJderthe i^?^ ®^®^®® 

tioa), m&xn fuel p?ssp, and fuel filter control (s^teriag sec- 


3 


3ei6 

ignition systess consists 

aM spark igniter located in the avion exciter box, ignition lead, 

-- - - . *:®-Pyxoa. 'Thasaco^^ts a^otCfmSde- 


systes ^11 perait are of CBI5S 4e» 

of 14.5 to 16.0 joules for a"dellTCred^n^i«-l^ s stored esciter energy 

nMisal rate of two sparks/seesmd. Tba ®®®T§y two jc«les at a 

ley supply «diich provides 115-volt 400-H?n^ systm xs powered by a facil- 
wirs^ to the engine-bunted ignition bo- P®™ensnt facility 

the fegine Control Module (ECM) is »8«d ®c®aatary contact pushbutton on 

pusn&ttton legend (labeled "OK") is illusin*^ ^ ignition systea. The 

in the depressed position and goes of*' P“®hbutton is held 

nno goes of. ^ea the pushbutton is released. 

3.17 STARTING SYSTKM 

gearbox. Eirfacility*IyJte^“Jrovi^^^^ the accessory 

the engine starter for eJiS ^®8ol®ted flow of filtered air to 

the ECM in the control roca. The system**hl^^s°°^3 Controls a-e located on 
2.26 kg/s (5 Ibs/sec) of shop air al 4^4 “P to 

only t^ri^giaTsJeed" be operated 

eraser protection bdule, and Zn tJ: ZiTTacTll?^"^ 

^ e^rgescy sode of operation bvaassa-* thl ruel valve is open. 

in dny es^rgencyj. 
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as to bloH out an i:- 

«ntil it has cooled sufficiently S ^ 

3.18 SLIPRI^ 

fiS blade end ring 

'“°“«ted in the inlet^ through a JS 

rotstxonsl device for the sliprlng. “ts as S tnliT 

3.19 SUiVS lUBSICATTna 

p“'=*s« a»t o»di- 

s:.LrH J -s,"“ 

to JbTir iS‘oL"“r ?r r' - ssTrS.tr 
"”'“0“ « tbo\.:r:r«. pX“^' “"‘' « *“» 

scavenge oirf slave lube package are tfce taai 

sad Kater flo« control vaWs ^ ®*cbangers, water filter wata^? 

SK?i?Ss 

the test operator. Scavenge HI Ap« is gi^^L 

"sSiHHSH 

tops- 

up position until the sight-glass i^ «iH reiaain in th^ 

oir filter are provided tips t ream ^^tton is manually 

filter ,o nonxtor the pressure drop^cr^fthf 

wster flow throng the heat exchangers: P) by eontrolling 
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®aia oil talk. scavcEge retura port on the 

ehroo^ the cortex geESrttor located in the task ^l^ist 

doaerrted lobe oil is drann throS^a di^w!^ i' 

to the esgine'-sonnted le&a p«sap. ** to sapply oil 
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4.0 


PESCSIPTIOH OF TEST 


“• L“ JSStJ 

instniaent 

y c was desxgaad and constructed for the QSs^;gs:i . 

^y^oUun::v^^^^ L^:r;ad^i:n.'^r« through 

^fore going to the engine. During fl • P®*®®® throu^ a lO-iaicron filter 

£r« th, 1-^iUt, c»trol r.„. j|-ri;? 

the QCSES 01^ te^. 

go^ds!"l^rw2fr1s*'^erenrfortnn^ located on the test facility 
liQg water was used iu the "o^f «» ^^iisg the test pad manifold 

was r®s>£ely ccntrolled frtm £*-*Pad D systea heat exchanger and 

^^ured fey use of a turbine flowS^er Z 

flow could be varied betwe;n 0 .T^^SZI jS aL" iS" ®y®t- sup.fy/ 

„ . ISO gallons) par ainute. 

air was o®a^^orthraS-sJLrsys2'*^°‘'f filtered sjste®. Facilitv 

oSraS* systems was individLir^ cooling, and aft ' 

o^^tea frees the control console ^ ^ controlled and remotely 

dried air system used on the electrocnr® Instrusasnt air is a 

control, and siipring system. ^ “satic valve controllers, digital 

syst^s. %ri^lerteadfarfrLatel"in^ ^«® Protection 

gas system is connected for ura Ma ^^- 2 .xity structure while the 

^ £“!>« ail aoa<!itior<„g 
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in. u ... vi..„ 


Asses^ly 
Sche^t ic 

Engio^ C©s2i@ctic^s 
Lube Tank 


lube system is defined in Che follo«ing drewicgs 
^13180-700 
4013180-853 
4013130-865 
4013187-581 


Beet Exch^er Addition 4013187-639 

With Che ^dified off-engin® eystes, the storsge cspscit» 0 16«% «3 t/.> 
gal.) tank level readout sat for batmen I.0S3 and O.lli ^ (22 ! 
gal.), -^e syst^ »8S regulated to deliver u® to 0 003 (tin ^ ^ 

cooled, filtered, and daareated oil trt^re-!i«! lu ^ 
between 53S K Cl4©' F) and 416 (160” f) tmperatures 

testii^f^he i?^st"\2Lr507!?01/!:""^‘'''^^^^ 

c<mne2U2' following instrur^atation 

® 200 t^parature sensors, including reference thermocouples 

® 334 pressure sensors (air type) incia^i^ eight vents 

e 200 analog circuits (two wire-shielded pairs) 

« 60 safety maitoring circuits to engin® control console 

® 6 traversing probe actuator circuits 

A oinislipring systesa was used for connection of e,„ . . 

instruEKntatioa. Ihe slit-rtov rn.^l=..^ ■> rotor and ring gear 

overhead and monitored ii''£he con-Jof i« the facility 

drawings 401318I-9S3 and 4^3180-279 fo?Thrs“ s\?tea.®^”® testing. Seference 
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5.0 TEST ISSTRUHEKTAYrnw 


DTO propulsion systea. L ^nf^uriSgrS^er^^orsteadJ^itst^ 

SL“rc«t~in" ■““ f.u 

Qpgrati oaal Safety Instrtgagatatioa 

displayed on the control console and cither 

matfcfiw”r^^h each steady-state data point or recorded auto- 
matically by the Automatic Data Handling (ASH) Systea. Several 
y^s of control console displays were employed, including panel 

raSr’ Thifi*"* «‘*^cators. warning lights, and two MetrScooe 
units. Tnis instrumentation is listed in Tables I through IV. 

2e p^^ic IfastrsmaatatioB 

St! iociodrf 8tt.i, g,g,s ^ atcel.rc=st.r« 

'“I schld.*„stt 

w recorded on three magnetic tape recorders. This 

instruEcsntaCion is listed in Tables V, VI, and VII. 

Transient and Control Parameters 

recorders. The parameters are listed in Table VIII. 

Digital Control Data 

control was designed to ccsaiunicate to and from the 
Swa^or'HaSf ^ two control panels, an 

The Operator |s Panel, in addition to the power demami lever in- 

displays of critical engine parameters as listed 

potentiometers for manual 

4Tf It 

Sring'^LTdSa rSinif com^nd 



Table X. S 






M 

i«>i 


Table I. 


Item Numbaro 

404010 

404011, 12 

404013 

404014 

405001 

41700,1 


il, 2 
I, 2 
I, 2 
1 , 2 

1-830811 
1-835812 
l~87>0811 
1 2 

1-845008 
3-845024 
1. 2 
3 

♦-911009 
), U 


i. 17 
^ 19 
1-911025 
.. 2 


Description 

HX Water Flow 
HX Water Temp. 

Oil Level 

Slave Luba Tank 

Hyd. Pump Disch. Press. 

Lube Supply Filter Delta 

Press. 

Digital Control Tamp. 

No. IB Bearing Temp. 

Fan Rotor Cav. Press. 

No. I Seal Air Press. 

No. 1 Bearing Support V£b 
Wo. IR Boarlng Temp, 

No. 2 Bearing Temp. 

No. 2 Bearing Support Vib 
Fan Blade Straw Gages 
Fan OGV Strain Gagas 
Fan Frame Strain Gages 
Fan Frsjfso Vib 
Core Cowl Skin Temp. 

Under Cowl Cavity Temp. 

No, 3 Bearing Temp, 

No, 5 Bearing Support Temp 
Aft Sump Cav, 

No. 6 Seal Air Cav. Temp. 
No. 6 Seal Fwd Cav, Teosp, 
No, f> Seal Fwd Cav. Press , 
No. 6 Seal Support Temp. 
No. 6 Se© I Dele® Pyaess 
Bal. Cav. Preas. 

Bal . Cav. Temp. 

Mt Sump Air Teiap. 

No » 5 Bearing Support Vib 


V J 


Safety Instrumentation. (Concluded) 


Strain 

Gisge 


Accel 


(1) Flo^«ster 


Oil Level Sensor I 
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Table II. Coatpoi Coaeole. 




402001 

404001 

405D01 

911016 

000009 

033007 

011005 

032001 

404014 

323005 


C0D007 

011003 

911015 

417001 

404«K)5 


230044 


Parsister 

Lube Puap Discharge Pressure 
^avenge PuEp Discharge Pressure 
Hydraulic Pusp Discharge Pressure 
Balaoce Csuicy Pressure 
Stater Air (Starts Oaly) Pressure 
Reductioa^Geer Oil Supply Pressure 
1 Seal Air Supply Pressure 
AUB Vent Pressure 
Lube Tank Fresswre 

Fbei laiet Pressssre 
F^ige Fs3C Pressure 

Siipring Fressur£s@tioa 

Pressure 
Instrus^nt Air 

6 Se^I/Air Ssssp Ap 
Lube Supply Filter AP 

Usbe Ses^essge Filter Ap 

Fan Sf^ed 

T5 Fane! feter 

Core Speed 

Lube Le^el 

Main Fuel Flo^ 

Verification Fuel Piow/«ater Flos 

T5 Digital 
Throttle Position 
VSV Position 
Thrust 


Ptill Data 
Point 

Log— ADH 
Log-ABH 


Log 

Log-Ase 

Log 

Log 

Log 


Loa-ADH 


l©§-adh 

I^g 

I«g-AD3 

Log 

Log-ASS 


Log-ADB- 

SK3RK/Log 


Log 

log-ADH 

Log-ADB 



Table III. CoQtrol Coasole Panel Vibration Display. 


Vibration Metrascope (20 Channel) 


Fan and LPT Tracking Filters 
(12 Indications of Vibration) 

Fan Horizontal 

Fan Vertical 

Ho. 1 Bearing Support Vertical 

Reduction Gear Vertical 

Accessory Gearbox HoriEcatal 

Ho. 5 Bearing Support Vertical 


Itea 

Full Data 
^int 

84G902 

I-og 2 

840901 

Log 2 

811901 

Log ^ 

033901 

Log 2 

032902 

Log 2 

911901 

Log 2 


Cora Bypass Filter 
(6 Indications of Vibration) 

Ko. 5 Bearing Support Vertical 911901 
Accessory Gearbox Eorisoatal 032902 
Reduction Gear Vertical 033901 
Fan Fr^^ Vertical 840901 
Ho. 3 Bearing Support Horizontal 011902 j 
Compressor Aft Flange Horizontal 070902 i 


pte stove par^ters were continuously displayed on the control console 
i^diately adjacent to the engine operator. Readout was directly in ails 
isplaceasent. In addition, all of the above acceleroseters are included in 

Recorder A. tote that each of the "Fan 
and LPT friSenflei!*"® i-e-, filtered for fan 


26 




IV. Control Consol© Fanal Tesspsyatura Display 



mB 

©mporat 

Channel 

Item No. 

Parameter 

i 


845 013 
845 017 
845 019 
845 021 
845 023 
845 023 
845 024 
845 001 
03 
845 007 
845 025 
845 026 
845 027 




S45 032 
845 033 
5 034 
031 001 
812 001 
812 002 
811 001 
811 002 
033 001 
33 002 
033 003 


Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under 

Under ' 

Under i 

Under < 


No, IR 

No, lU Bearing 
No, IB Bearing. 
No. IB Bostrlng 
Red, G-oar 


Channel I Item No. 


033 004 

05 

06 
01 


ni 001 


404 003 


911 021 
9 X 
91 


Parameter 


Red. Gear Bearing 
Red, Geer Bearing 
Red, Gear Bearing 
No, 2 Bearing 
No. 2 Bearing 


No, 3 Bearing 
No. 5 Bearing 


Fuel In 
Fuel Manifold 
Scavenge Di&ch 


Lube In 


No, 5 FWd Bxg Spt 

Pt 


No. 5 Aft Brg Spt 


No, 6 Seal Spt 


Heat K H^O In 


Tho above paramo t ora tox© cant 
adjacent to tho ©ngln© oporato 
continuous display, all of tlw 
full data reading tos taken. 


>Mly displayed on the control cojrsol© imedl 
Readout waa directly In <» In addition to 
TO parswters wore rocordod on ADH ©ach tim 

















laoie V. Tape Recorder A Viferarioa* 


All of the folloirlag ^re conttauously recorded 
TOll as displayed on the scopes m 


Parmmter 


Ti©s Code 
S/R Accel 
Faa Frs^ (V) 

Faa Fr^e (H) 

#I Brg (V) 

#I Brg <H) 

#2 Brg (V) 

#2 Brg CH) 

#3 Brg (?) 

#3 Brg (H) 
Eeduccioa Gear (?) 
Reduct ioQ Gear (H) 
C/S Aft Flasge (?V 
C/S Aft Flange (M) 
#5 Brg (?) 

#5 Brg (H) 

Esiaaust Cone' 

Acc, Gearbos (A) 

• Gearbox (H> 
Digital Control 
Proximity Probe 
Fan Covl 
Fan Flap 
Inlet Accel 
Core Speed 
LPT Speed 
Voice 
















Table ¥11. Tape Hecorder C - Faa 

Coi^l, Flap laisk Strain dages. 


It^ 

Par^s^ter 



Ti^ Code 

01 

SOO SOI 

Strsia Gage Clalet) 

02 

SOO §03 

Eske Strain Gage Clalet) 

03 

SOO SOS 

Bake Strain Gage (Inlet) 

04 

SOS i07 

Bake Strain Gag® Clalet) 

05 

SOO SOO 

Rake Strain Gage C^usdary Layer} 

06 

SOO 311 

Rake Strain Gage CStmt) 

07 

1 SOO S12 

Eake Strain Gage CStrs^t} 

OS 

1 SOO S13 

Rake Strain Gag® (Strat) 

09 

SOO S17 

Rake Strain Gage (Flaae 25) 

10 

£^0 S21 

Rake Strain Gage {Plane 25} 

11 


SPT Place 25 

12 


L¥HT 

13, 

S0§ 341 

■ Fl^ Link Strain Gage 

14 

1 ©OS 343 

: Flap Link Strain Gage 

1 15 

OOS 345 

Fsb Skin Strain feg® 


OOS 34S 

• Fan Co^l Ski a Strain fege 

I? 

OOS 347 

; Fan Cowi Skis Strain Gage 

18 

S40 S02 

Fas Frazae Strain Gag® 

19 

S40 §03 

Fas Strain Gage 

20 

S40 805 

Fsa Ftssbb Strain Gage 

21 

S40 SOS 

Fas Freiae Strain Gag® 

22 

840 814 

Fan Fraae Strain Gage 

23 

840 816 

Fan Frasie Strain Gage 

24 


Fas Speed 

25 


tor® Speed 

26 

1 j 

LFT Speed 

27 

L_1 

¥oie:e 

28 1 



















is. Digital Coatrol. 


OE££M?.gL ganfel on Co ntrol Consnla 

sroat of the eagine ^ control console directU 


Fea Spse^ 
Core Speed 
Po^r Detsand 


Fan Exhaust ISozzle 
Fan Pitch Angle 
^filst Hach Ku^set 


Psr^^stat 

T41C 

T41C 




play for any one of the varlaMes^list^*Li'**^^®*®® ® selectable digital dis- 
oat ^en selected, in a of the 44 Jay be rL 

«see equations for each of engineering panel 

engineering units. Each of the froa binary c^e to 

pssel operator «es6sver ® ADI resdissg is tte esgis^eriisg 


Th^^h W^eel 
Switch Fas it ion 


I Fsr^^ter 

AIS IHC 
BF me 
w rm 
w 

AIS 

BF 

FMP 

T41C 

AP/P 

PS3/FT0 

Power Demand 

PLA 

KI 

K2 

VSV 

WF MCI 

BF MCI 

Ala ^1 

F.I, 

T12 

PTO 

P14-PT0 


Thumb ^eeX 
^^tch Position 


m? 

BFl 
. SF2 

6? Dessand (Auto Mode) 

A13 Deiaand (Auto Mode) 

T3 

VSV Reset TMC 
yord 

^draulic Puap Disch. Press. 
^ ^eisperature 
! BF Rate 
SGT 

^gine Oil Inlet Temperature 
Scavenge Oil Temo. 

Engine Oil Inlet' Pressure 
Scavenge Oil Press. 

T25 

P5 

CesTDox Injierrece 
Essring Temperature 
Eorizontai Vibra^oa 
Vertical Vibration 


5 . 


Perfomaaee Isstru!BeB£a£iga 

latemal engine pressures and temperatures fr^ rekes, static taps 
asd probes ??ere recorded automatically for each data point by the 
System. These par^eters are listed ia Table X. 

Follo^oa Test Console Coisfii^gati©a 


The computer ised site IV~D control console used for the follotj-^n 
testing consisted of four CRT displays. The center CRT* s dis- 
played safety and vibration psr^^eters. The left-hand CRT ^as 
capable of displayi^ as many as 23 separate p^es each with 10 
engine par^^ters listed. Ihe console sut^satically sgonitored 
all par^tcrs progr^s^d into it end flagged those pare^ters 

went over lisait. The fourth CRT used to display over- 
Imit engine par^eters. A list of the it^is programs^ed into the 
control console is shown in Table XI* 


The ABE system provided direct telephone c^^ication of data recorded 
, at the ^eehUs^ Ohio Test Site to the central c^^uter in the Instru^ntation 
Bata at Evendale, Ohio. The data were processed, stored, and a short 

list of averaged and corrected perasseters was printed <mt on the ®'Quick Look” 
mnitor in the Site IV control sa ^ aid in tracking the operating 

conditions, me ”^ick Look” par^^ters are list^ is Table XII. 

15se general layout of the control ro<^ showing locations of the various 
displays and control panels Is sho^ in Figure 6. 



Table X. EEgiEe Issstrt^eatatloa Hookup Aerolsstru^ata! 


IteES Husbe?s 


Ballaeueh Inlet 


005201-005240 (4) Inlet Itekes 

005254-005260 (l) Boundary Layer Rsk® 

005301-316 Wall Statics 


840001-S40023 

84(K»24-S40031 

S40032-840G36 

84G037-S40Q42 


840201-840230 

840231-840235 


j Freas® 

1 Tenp. 





20 

7 



20 


Bytssss 


Bypass Ikict Statics 
Plane 25 Statics 
Splitter Lip Statics 
Cc^pressor Inlet Statics 
Plane 15 Statics 
(6> Compressor Inlet lakes 
(6) Cc^pressor Inlet lakes 
(6) C^pressor Inlet lakes 
<6) Ccsprescor Islet E^es 
(6) C?^pressor Inlet E^kes 


a3S0-Oi-“i35OO5 

S35007-S35008 

835010-835014 

8351O1-S35I06 


Island Statics 
Vane, Hanifclds 
Vans, Manifolds 
Vane Probes 


006001-006006 

006007-006014 

00604I-006G48 

006361-006395 


Bjrpass Duct 


Plane 15 Statics 
Wall Statics 
(3) Cobra Probes 
Fan Flap Statics 


Exhaust NoEsIe 


LPT Discharge Rakes 
Service Strut 
Wall Statics 


6 


12 


3 

3 

35 




















/ 


Table XI. QCSEE UTW Conaole Display (Site IV-D). 


Pnrnmotor 

uT opIay „ 

Th I'u a t ' 

Fan Speed 
EGT 

Main Fuel Flow 
Reduction Go«r Oil Supply 

Lube Pump Discharge Pressure 
M»be Supply Temper^(*,ure 
VSV Stage I 

lb rat lOfi Di sp I ay 

Digital Control/Fan Filtered 
F«n Fremft Vert/Fan 
No, 1 Rearing Vert /Fan 
Reduction Gear Vert/Fan 
Accessory Gearbox Anal/Fan 
ho, 5 Hearing Vert/LPT Filtered 
No. 5 Benring Vort/Core Filtered 
No. 3 Bearing Vort/Core 
Hecluccion Gear Vert /Core I 

^^ompr Aft Flange Horr/Core | 

bt art *" 

Starter Air Press. 

Hydraulic Pump Disch, Preos. 

Core Speed 
Fan Speed 

Lube .Scavenge Disch. Press. 

I»fJtru«K‘nt Air Press. 

PS3C 

Fuel In Press. 

Fuel Flow Verification 
Reading Number 

Pfipe 7 - Run " 

tube Supply Filter aP 
I Scavenge Filter iP ' 

No. 6 Seal/Aft Sump ' 

Hydraulic Pump Discharge Press. ^ 

Water Flow 



Rcnea 

Lo«Ix> 

f u 

000001 

830000 

2300V^ 

323006 

033007 

404013 

402001 

404009 

070001 

88960 H <20,000 Iba) 

10S9 K 

fiof/ 2 (25 gal.) 

(100 peig) 

344 K (U>0* F) 

1 1 

21.4 (31) 

0.008 (2) 

0.019 (5) 


650901 0 
0/<O9Ol 0, 
311901 0. 
033901 0, 
03X901 0, 
9U901 0. 
911901 0. 
011901 0. 
033901 0. 
070901 0. 


.025 cm 
■ 023 cm 

• 025 CO 

,025 cm 
•023 era 
.025 cm 
•025 CO 
.025 CBi 
'025 CO 
025 cm 


000009 

A05001 

050000 

030000 

40A001 


69 N/cm^ 
2758 N/cffl2 


69 N/cm2 
^9 W/cm2 
206.9 W/crj 2 
69 h'/cm^ 

159 hg/hr 


(10 mile) 
(10 raila) 
(10 rails) 
(10 tnilsX 
(10 mile) 
(10 milo) 
(10 rails) 
(10 mile) 
(10 aula) 
(10 mile) 


(100 pisig) 

(4000 psig) 
1400 rpm 
3500 rpra 
(100 poig) 
(100 paig) 
(300 peig) 

(100 paig) 

(350 pph) 


417001 

404005 

911015 

405001 

404010 


20.7 U/cm2 (30 peid) 

13.8 N/cta2 (20 paid) 

13.8 N/cm2 (20 psid) 
2758 N/cm2 (aooq j 

Lilif (100 gpm)® 


145 (320) 

in ^'5 (50) 

328 (130) 333 

Mona 


0.007 (3) 
0.007 (3) 
0.007 (3) 
0.007 (3) 
0.007 (3) 
0.007 (3) 
0.005 (2) 
0.005 (2) 
0.005 (2) 
0.005 (2) 


I 0.018 (7) 
0.018 (7) 
0.018 (7) 
0.018 (?) 
0.018 (7) 
0.013 (5) 
0.008 (3) 
0.008 (3) 
0.008 (3) 
O.OOB (3) 


58.6 (85) 
2482 (3600) 

14050 

— 5400 

69 (100) 

Mono 
Nona 

5t.7 (75) 
145 (320) 


-V/.. 




Table XI. QCSEE UTW Console Display 


2 -» Run (Continue d ) 

PS3C 

Undercowl Air Temperature 
Core Cowl Skin Temperature 
Reduction Gear Bearing Temperature 
Reading Number 

Page 3 ’• Presfiuroo 

Forward Sump Proajiuro 

kubf! Tank Pro«»uro 

Accessory GearboK Vert Pressure 

No. I Seal Air Pressure 

No. 3 Bearuig Aft Cnv Prossuro 

No. 6 Seal Air Supply Pronsuro 

Balance Cavity Pressure 

Scav. Pump Diach. Pressure 

Reading Number 

Page 4 - Bearing Temperatures 


No. JR neartnn 
No. IR Bearing 
No, IB Bonrjng 
No. IB Bearing 
Reduction Gear 
Reduction Gear 
Hoduct Ion Gefli* 
Reduction Goar 
Reduction Gear 
Reading Number 


Tempera turo 
Temperature 
Temperature 
Tompernturo 
Bearing Temperature 
Rearing Temperature 
Bearing Temperature 
Bearing Temperature 
Bearing Temperature 


Pago 5 •" Bearing Temperatures 

No, 2 Bearing Temperature 
No* 2 Bearing Temperature 
No. 3 Bearing Temperature 
No. 3 Bearing Temperature 
No. 5 Bearing Tempereture 
No. 5 Bearing Temperature 
Mid span Bearing 
Slipring Bearing 


124003 

845023 

845033 

033003 


OU003 

404014 

032001 

8U005 

011005 

9U010 

911016 

404001 


812001 

812002 

BllOOl 

0UO02 

033001 

033002 

033004 

033005 

033006 


813001 

613002 

OllOOl 

on 002 

911001 

911002 

031001 

830003 


206,9 M/cm^ (300 palg) 
fill K (1000® F) 

^78 K (400* r) 

473 K (400® F) 


13.8 N/cm^ 
13.8 N/cm2 

6.9 N/cm^ 

34.5 N/cm2 

6.9 N/cm2 

34.5 W/cfis2 

206.9 N/cm2 
69 N/cm2 


(20 psla) 

(20 pfljlg) 
(10 palg) 
(60 palg) 
<10 psig) 
(60 psU) 
(300 pat a) 
(100 pain) 


(400* F) 
<400® F) 
(400* P) 
(400® F) 
(400® P) 
<400® F) 
<400* F) 
(4C0® F) 
<400® F) 


(500® r) 
<500® F) 
(500® F) 
(500* F) 
(500® F) 
(5C0® F) 
(500® F) 
(250® F) 






Table XI. QCSEE UTW Console Display (Site IV-D) . (Continued) 


"Krn 


Par«nM>ter 




Itets 

^^o. 


ttrV«K IVmpcrti turoa <C6nt I mTcrO 






Limit 
I Hi 




[ Priority 


Slipring Searing 
Reading Nucabor 


Page 6 -» Lube Temperatures 


83<K)04 394 

(250* F) 

— 


367 (200) 

3 




“"*• Kons 




Scavenge Oiacb. Temperature 
Aux, Scav. Oisch* Temperature 
Bal. Exh . Cavity Temperature 
Bnl« Cavity Teraporaturo 
No, 5 HeiirinK f'wd Support Temp 
No, 6 Seal Air Supply Temperature 
No, 6 Seal Support Air Temperature 
No. 5 Bearing Aft Support 
Temperature 

Fuel Nani fold Temper i tore 
Reading Numbcir 

404003 

032004 

911006 

911018 

911020 

9U008 

911012 

911022 

32.1008 

533 K 
S33 K 
978 K 
978 K 
533 K 
811 K 
533 K 

533 K 
833 K 

<800® F) 
(300° P) 
<1300° F) 
<1300° F> 
(500° F) 
<1000° F) 
<500° P) 

<500° P) 
<000° p) 

J 

— 

None 

Nene 

Nnne 

Ndne 

433 

922 

922 

522 

589 

422 

(320) 

(1200) 

(1200) 

(480) 

(600) 

(300) 

6 

6 

6 

6 

6 

6 

Page 7 • Undercowl Air Temperature 






Fwd, Undorcowl Cavity Temperature 

845015 

533 K 

<500° P) 






1 5 

Ewd, Undcrcowl Cavity Temperature 

8/»50l7 

833 K 

<800° P) 

tM«f» 



450 

(350) 


Fwd. Undcrcowl Cavity Temperature 

' 845019 

533 K 

<500° P) 




450 

(350) 

3 

Fvd. Undercowl Cavity Temperature 

: 845020 

533 K 

<800° F) 





450 

(350) 

5 

Aft Undnrcowl Cavity Tempornturo 

845021 

on K 

Oooo® P) 




450 

050) 

$ 

Aft Undercowl Cavity Temperature 

845022 

an n 

(1000® P) 




. 

644 

(700) 

5 

Aft Undnrcowl Cavity Temperature 

U%02% 

811 K 

(1000° P) 




644 

(700) 

5 

Aft Undcrcowl Cavity Temperature 

845024 

an K 

(1000° F) 

■ — ■ 



644 

644 

(700) 

(700) 

5 

5 

Reading Nurobet 

— 

— 



— 

Non® 





Page 8 Core Cowl Skin Temperature 


Cove Cowl SUln Tesjporature 
Coro Cowl Skin Temperature 
Cora Cowl Skin Temperature 
Core Cowl Skin Temperature 
Core Cowl Skin Temperature 
Core Cowl Skin Temperature 
Coro Cowl Skin Temperature 
Coro Cowl Skio Tciaperaturc 
Core Cowl Skin Temperature 
Reading Numbei 


845001 

833 

K 

(800° 

F) 

845003 

S33 

K 

(500° 

F) 

e/»5007 

333 

3C 

<300° 

F) 

846028 

933 

K 

<000° 

P) 

845026 

933 

K 

(£00° 

F) 

845027 

333 

K 

(300° 

P) 

845030 

833 

K 

(800° 

n 

845032 

933 

K 

<500° 

p) 

845034 

: S33 

K 

(500° 

n 

— 

533 

K 

<500° 

F) 




439 

(3)0) 

450 

(3)0) 

m 


'*•* ■ 

439 

(330) 

450 

(350) 

5/2 



439 

(330) 

450 

(350) 

5/2 



439 

(330) 

450 

(350) 

5/2 



439 

(330) 

450 

(350) 

5/2 

*•“* 

— • 

439 

(330) 

450 

(350) 

5/2 



439 

(330) 

450 

(350) 

5/2 


! 

439 

(330) 

450 

(350) 

5/2 


■ ■ '”* 

439 

(330) 

450 

(350) 

5/2 



None 


1 450 

(350) 

5/2 
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Table XI. QCSEE UTW Console Display (Site IV-D). (Concluded) 


P«rometor 


Itetn 

No. 


Rang© 


P«r:« 9 - VI brut ion 


No« 5 IkMsrlnB Vort/Tun FUtorod 
Fan Prime Horz/tPT 
Fan Fx*amo VortA»PT 
No, X Bcnrlnjf VortAPT 
Reduction CJcnr VortAPT 
Accessory Genrbox Axial APT 
Accoswory Gearbox HorzAPr 
Accessory Gearbox Axial /Coro 
Fan Frame Vert /Coro 


Reading Number 


*Pr iority 

1 

2 

3 

4 

5 
0 
7 


CUT Display Ccmimcnd 


Shutdown 
Return to idle 
Backoff 
Hold 

Adjust air, H2), N2. 
Hem i tor 
Edit System 


ho 


911901 

0,025 era (10 rails) 


840909 

0.025 cm (10 Btls) 


840001 

0,023 esa (10 mile) 

—nm 

811901 

0.025 cm (10 mila) 


033901 

0.025 cm (10 ©Us) 


032J5O1 

0.023 cm (10 rails) 


032002 

0.033 cm (10 ©a®) 

mmm 

032901 

0,025 csi (10 mUsi) 

^ 

840901 

0.025 cm (10 ©Us) 

— 



— 


Limit 


Hi 


fU-Hi 


Priority 


0.008 (3) 
0.008 (3> 
o.ooa (3) 

0.000 (3) 
0.008 (3> 
0,008 (3) 
0.008 <3) 
0.003 (^} 
0.003 (2) 

Kona 


0,010 (7) 
0.013 (5) 
0.013 (5) 
0,013 (3) 
0.013 (5) 
0.013 (3) 
0.013 (3) 
0.000 ( 3 ) 
0.008 (3) 


4/3 

4/3 

4/3 

4/3 

4/3 

4/3 

4/3 

4/3 

4/3 









o 



Figure 6* QCSEK OW Meehan 







6.0 mSTOWi QF TEST 


The QCSEE UT¥ S0?-00l/2j re®©g^^led usiag the Ges^ral 

Slectrie fas pitch cctEiates^ ©ystm. The esgise deliirered to Fe^le© 

Test Opgraties on T/25/17. Esgisi® isstsllatioa began ©a the test staM at 
Site ?4d D. Use composite fas &ct and c©re coaling ^re fitted to the 
esgiae after it installed on the test stand. Th^ hardwall core nossle and 
beIl^oi£th islet ^re installed (Figisre ?)» The lubrication ©ystcss 

serviced ^ith Eoyal S99 oil ag^ the t^ oil level isdiestor® ^ere calibrated. 

The thrust assuring syst^ was calibrated ia both the forward 
reverse thrust The load cell used was a 444^800 E ib) cell 

with a three-bridge circuit. Bridge B did not calibrate properly as^ was 
cot used for data reduction but was recorded for reference. 

A helmg^ leak check was perfor^d on the fan ©c 8/1/??. Ihr^ 

©^11 leaks w^re detected and sealed at points ins truant at ioc penetrated 

the fan fr^^.- Mo other leak sources were found. 

The variable stat#f v@ne3» St^ge 1 mi Stage 3 position potentiometer© ^ 
imn rotor beta aEglOg icm nessie area Here calibrated. Stage 1 potoatioc- 

,^t@r ms set fr® -1^41* open to -&4S^S3’ olcmd; Stag© 3 sat frc^ 

-0*44* open to -fST^ES* olosed. Fan beta asgleg ^re oaiifeated 

opes '^il®45* closed. Fan isaxitsum ©pen area l.i9 ^ 

(41^ ic.^>. A ^ohaciesl stop ms Is^talled to Iteit the closed 

TOssi® ai*ea to I.SS ^ C^liO T^e c^re noEsl© wns fizad 

©.3il ^ iCo^>. 

lastr^ctatios^. connected per Test Eequest and Test lequest Ch^^sa. 
Four ialet rskasj one inlet boundary layer rake, three cobra trover®© prcies 
ia the faa bypass duct, aod four LFT discharge rakes were inatallad. The 
si Apr lag system wa® installed to monitor fsa blade stresses. The record 
equif^at used for the test is listed below: 

Ite® Serial Huaafeer 


Digital 


60953 

Seaborn A 


4951 

Sanborn B 


4953 

Sanborn C 


4952 

T^pe Recorder 

A 

2092 

Tape Escordar 

B 

2037 

Tape Recorder 

C 

4920 
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•uoTaeanSijuoo ^esx «xn t®T?Tui aanSi:^ 



3 

a a 


's 





Oa ^gast 31, 19??, eagiss iastalletica and the 

pr«ruQ ^e^lteta Base eespleted. Initial dty aoterins of the eroine'w-s 

LTS-fr s^ti" i°r:5r- 

Sn.“‘SrsSt'’“'^ "-•*"* «=« c»s\o‘s-a 2“i:i:^s‘tS«Ju 

fk- »fis snccesefuilr fired-to-^dle for 

to 1 S ^-2 Itie^fen Rozsle area vss varied frca 1.61 ^ (2500 ia. 2 ) 

^ in. ); fan beta angle ms varied froa + 3 * to -»- 5 ** atrf fan 

f™ "' »' fonetionins .“th, i~ J - “ 

control mda ms also checked. Vibration activitv in I 

eagine^wes n^isg on® to tm siis hi^er than oa^the first 

was still within liaits. lk> labricetion systm or digital control orob^^*^ 

zm^ until tue re^igsisig esg is© waiters arrived. ^ . 


The 


ihia: 

0ste: 
fes fi^: 

Tot^l fegiee R^3S Ti^j 
leadings: 


^ oi the test het^es BfB/71 and 5/1/] 

I • Mechasaical Cheekmt 
9/9/77 

1 hour 36 ms-iste© 

2 hours 12 

II thr€?u§|i 13 


^ r to this run, several instns^ntseioa faults digccvered o” the 
^v*ous day s run were corrected, rbe first three starts cere uaevsntfal 
The engine could not l»e accelerated above ISGO fan msa due to~hif«5?~nwi>-aii % 

.if. .ti°4 

«.ch«i 20 ,firL‘2“55TfL‘°4° Th"%S lYYt^TuYJY'^luYlvmi" 
^iie.i..p..fi.s f.. sr:.:“fi°r‘i;%:'x“srf.”:ji5r 

.'^® was retsoved and returned to the Evendale 

plant for tearoom, inspection, and reasseasbiy. This concluded Eun No. 1. 

performed mil, holding fan speed 
^tfei.n ± 2 ram, faa nozzle area within ± O.GOi 23 ^ (± 2 la 2) 

pitch angle within i O.i^ While at 18410 fan rpa, the fsk pitch was varied 
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t^en peeing aEglas froa both op®?*sad clo?®d^iS^i^^ ^ST 

S!i)'tfe^^f tL°L 2 ! 

There ^3 e© e?prSiSL*Sf LesS^ioaTriS^^^ S 

M, «SL"^.“4ir:si,rr “ 

Bo. 2 - M^chmical Cbeekmat 

9mm 

2 femurs S5 ^siit©s 
4 ho^rs 26 ©ig^tes 
Bo. 14 thro?3g|i 19 

sM reiasealled ©a isspeceed, rehaile 

I ^re earrectJ! ^ise®^®red ^ 

cfesrea£eris£iss ef £fes @ag£gjg^ ' ' ** ®®s e® e^alssts 6fe® vihrs£i@a 

r^). Fear Heli feiw™® P®^«®e£ fsa epesd (2?40 

riag vi&ra£iea astiviE^' ■^e f* sre&sc© e&is sli|j- 

eio^iy iaeroaa^d SriicrLilf ia ©rigia aS 

isv-els sad cpsratiag per^eers were i5l ^i&^stica 

®d sS?! temiaated peadiag iaepseei®^ ®f efes eliprfeg ' 


Bate: 
tea ti 
T©tai fegisie Ti^: 


Era: 

Bste: 

Ira Tis^ : 

Total Ssgiae Era Tma: 
leadings: 


llo. 3 - Mecliaiaicai CIseetest 
9/27/77 asd 9/23/77 
4 hosrs 26 ©imstes 
8 boasrs 52 laiRutes 
BOe 20 through 22 


Actioas takea prior to this run tsare; 

® Resoved lalet rakes for better access to spicser 
® Inspected elipriag aad spinasr for ruaout aad fiataass 
® Eesoved slipriag and raturaad it to Sveadsle for bench testing 

® Sachecked the calibration on all of the engis^'s acceler®eters 
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' snsMS'fS'L'SnSs tti •“« •£ 

•a. ~»»U th.; FOMib.Ut, ,f „ .ft ...5 fi„. 

• InstslUd t arein tub. to tho Eo. i seal droio liee. 

“iiisr.id“24ntr “ tt 

a the oteoioo. .,*4 .... al'l^KrSt:: ^t'^TSLS‘?Te5!' ‘'”V- 

th. eSL^re?f.'Jio 

area «e* 1.61 e. 2 (2500 i^2, 

were lasde after each r«a «i*-h so Q>®sS®s ia balaece weights 

to oil leet et the hySllSIeoLSifr redootloo £o sUprisj .il,refi». 

throu^ the £est was corrected ws discovered ®id- 

-t— t £zt" - 

cot tot. re.. Heste.. 


Earn: 

Bate: 

Eisn Tl^: 

Total Essgise Rasa Tima: 

Eeadiags: 


^ e 4 - l^ch^ical O^eck^t 
y/27/77 throu^ 9/29/7? 

19 hsmrs 50 mismtes 
28 hoisrs 42 msKstes 
-Ho. 23 through S7 


frsaa. and the hFdr^Hc'ser^^bloS^LrrepaS 

®Jtor was perforsed with no leaks evident. reinstalled. & dry 

start^i:! -r r®* 

totaled approximately s’hLrs Sd 25 ^ 111 ^ ^ between 1800 and 2600 rps. 
tiea. oil consumption warr'LSg Lout S 004 °f iT* thS’ 

hour . The ninth run was stoppS®dS°to 10 ^ 1 - 2 ‘gallons) per 
throttle system. The indicator was replaced ^ facility hydraulic 

with Engine Start Ko. 31. Finally checkout resumed 

normal test plan was resumed. -acceptable balance was made and the 

nozzle area from 1.36 m2 (211o'^ln%'^to^l*^87*^*fooi^^^ ® 2 ^ 
were varied between *9* c osed o'-r oi; ^ 

percent (3130 rpm) fan speed with no 96.5 

nozzle area actuation systems nerfoT^i.^ pitch and fan 

syst^ parameters ressainsd normal during test lubrication 

continued at about 0.0076 (2 gaIlor4 Zt T ' consumption 

«r. o.o«6 .4 a2 nr L°rr;. r“* “• 
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<iarr@4 oa ths fan retor dua to vibrstiea balances ®are re- 

ties la^^als st le^ speeds reqisirei tha^ High vibra- 

rp=. Bish f«= ;r«e ^ .^ju»«d to um 

crossor®?, sse©sgifc®ted ra^id acs^la fwa' 5ftivi «•« 9nirm ^ itex 

Biod cooditiowi «eS^SSSo!fT4^“S »wod .t .11 

~ tethor bl«i. Mr... problK^ '!?“”*■ “'* 

tures did not esceed 3S6 K (20O* F). * skin tespera- 

tb... 1.. b^... duct tob.r,„b../“T;r:^.r:^sr2sr.robtbout. 


Exm: 

D&te: 
lea Ti^: 

Total Esgine Etax Tii^; 
Me©disgs; 


5 — Baseline toastie Test 

iO/5/77 throxigh IQilpl 
15 hoars 43 laiaates 
3S hours j^3 ®XButas 
68 throu^ 107 


Prior Co this testj the follosissg setioss ©era taken: 

® Re^^ed siipring, slipping stmt, and fan inlet rakes 


@ 


,^:e fan and cere eoi^l doors ^ere elea«t^ — i. • ._ 
on each taped cieaneel and the aconstic treatE^nt 


® Reeved LFT discharge rakes 
@ Replaced heat essh^er ®ater fioissster 

® Serviced inbs task ®ith Royal 8S9 to om® «-, ivr>ir-r,f^A i . n 
0.0757 ®3 (20 gallons) ® indicated level of 

9 np instmasntation to record near-field, far-field and wall 

dynsaic pressure acoustic data =«r-iieta, ana wall 

t”' t..t bag.. „itb 

:S!°” -u^tbS iiiS: .Ttf S»'2; i,b 

T»i.i‘.*btftirs^ Jbtt.”«2rb2.V2t:: 

end changed direction to blow directly up the ensin^^ - increased in velocity 
direction proved r-o b,!!.-!.! s tail pipe. Ibis 



of testing. Post Shutdown T 

cowl tape aiesiEg &ni incipient e<=ps-at'on of ^ ^rcen^ Oi. chs core 

ae lube system was servick with^kaoiS yil gTloS 11^-^"%^' T^' 
sxssiag cowling tape replaced. Hojo.*. 899, and tne 
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Testing was resi2gied 10/7/77 vn-th 

rpm fan speed, there ®as a sudden loss fuel SliS 

Bediate shutdOTO from that speed. A faultraL resulting in an la- 
test resumed with Engine Start Ko. 41. Tbe ^ I’epaired and the 

a shift in the fan rotor balance as indiS^rS f apparently caused 
rtich had previously sho^ ik> activitf ^2e fi ®P®®<^s 

fore vibration levels returned to acc^ptawriifi ^®^® ®®«^® •»- 

line acoustic test »s oo«.l.,tK!°«S‘?ioWeS!*' ^ ■>' t6. 

♦5- closed to -5- o^;. Jo4 'sL^oi^ ?° ®°§1® *>®tveen 

cent of the core co5 tane revealed that 15 to 20 per- 

gallons) of oil sas consSed du?S 0*0S8 m3 (lo*^ 

blade stresses which occurred with enfrin ®^**®*' 

ance shift, all engine parameters ^rl Jl/beSS.* 


Sun: 

Date: 

Hun Tiiss: 

Total Engine Run Tixse: 
ATS Readings; 


n'n%', 

S hours 4 Minutes 
43 hours 37 minutes 
Ho. 108 through 134 


Actions taken prior to this rua are listed below: 


e 

o 

0 


R^ved bellEouth inlet and inlet adapter 
Removed tape from fan and core coal 

R^ved hardwall core nozale and installed acoustically treated 

Reworked core cowl to relieve interference with the core nozzle 
Replaced a cracked flange on the balance piston line 
The composite inlet was instail*»H #-Kr^ ^ 

match (inlet to fan frame) was^discoverL ® flowpath mis- 

and returned to Evendale for sarhi„- reiKJved 

problem. evendale for machining and rebonding to correct the 

2«2i«* M •>. <11.- 

U»h ..=1 b.I<moe shUt.’riiiU tod.- 

"> '««P~ite f.„ door. o„d i„- 

iSfol‘2 L'dS! 2*So ^olT”" 

reverse testing. ^ ^ core cowl skin during 
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actaato? with its tfeimer sliiis was lastalled 
la the eaglas &M a faa hies?® pscslitostioa ^ cso^leted. 

® The fao blades were freqaeaey scaaaed with a® probl^ asted 

ing*the*s^^e*^orehe »» ^sp«s of fiad« 
j.^i*'** » , ? Oil cossmptica. iquii^at failure ^ith 

the heUtae checktag device prevented ce^letiS eHhe test 

e The peaachis^ inlet retaraed, and ess instalied ea th® e®^ia« cse® 
Figure 1 for inlet iastalintioa photograph.) essla®. CSe® 

® Installed four inlet rakes, one inlet boundarv laver rrh» «» 

and three cobra probes in the fen bypass duc7 ^ ^ ®®®®oy» 

® The engine was borescoped with nothing unusual recorded 

® Eessoved the two accelercsssters ©ounted ©n the fan fr^ for the la*«- 
run and installed them on the inlet 

* ther^ocouplss to each cor® door in 

CO^l Cavity 

® Installed slipring and slipring strut 
® Reprograsaed recording equi^nt for perforaanes testing 
e Installed inlet support bands around cosposite inlet 

rtjHL'Sn'IiSIr 

was norea QU.ing tho retsiainder of the test* 

-.K tested varied frca 1800 to 3180 rpa (57 nercer*) f-n 

Fan blade angles were varied between -S* open to ♦S* closed C. • 

■ Sss-S'-”-" 

e Ko dasrage to the inlet or core discharge 

* 21-8"°'' “f »" =0"l>-=..or »d co=b.„or rev.aled „o 
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e 

e 


Slight tccuaaletioa of ^tai partielee on ^h« 
plug ^ ®® the scaveage a^gaetie 

sccu^letioaa ^eaa aoted oa the lub.icatioa aysteai filter ecreena 

lo^feSplef tf the^ i«^icatiag 

accessory gearhos was reasowc^ . 

the faa rotor balsace shift problem ^^lads elisiuated 

to a safe poxnt. This concluded Sun go. 6 .^ ^ reduced 


tun: 


Date; 
fea Tis^ z 

Total E^ine Tfe: 


7 - Flight Inlet Strees/^sgiae 
^essu^ Mtio/lnUt Mach Kui^er 
Control Mode Checks 
12/3/77 

7 hc*^rs 16 ©imites 
SO ho^TB, 53 Esisi^stes 
05 thro^^ 167 


Actions taken prior to this run are listed below: 


The accessory gearbox was disas«aabl,?rf ►!>. .. 

*^''' '..t. ... t”ho„“hry '*''■■ 

i»t«i oi4sp«» ..firiiig was boreacoped vith no dasaae 


0 


Repaired the daasaged fan frsse pylon 


Si4'\1brwarnanX"tSref ® and a new 

box ware installed^on\hrSsi-e^^*^^^^ reassecihled accessory gear- 
tooling. Final alignr^nt chfcL Procedures and 

Reinstalled engine piping in accessory area 

The next d^yf'the'^engJne Tal ^n^ItldS^for 3 ^ ^ ly serried out. 
c.epancxes noted. Four ADH readings Minutes wxth no leaks or d£s~ 

was then preped to run the 
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weather iaproved and the engine was £ired-to-idle but had 

chg..4,a.. *.Qvestigatien proven that the aaia facility water auaslv hp.A 

ic^fail^ estresaely cold jsbient tespersture. All efforts to thaw the 

bl dtllTuT: cancelled until additional heating equipaeat could 

^ 1 run for 12/13/77 was aborted %&en the prestart checks re- 

oil/water heat exchangers had ruptured, apparently 
from the asms circumstances that had allowed tte facility ^ 

rlZiV S iTthTl rsEoved and returned to the Vendor for 

ex^SeeS^a^ HSA i J^epsir ti^, five to six weeks, the QTO heat 

sy^2^wl« dLKfJ'^N®i Peebles and installed. •Rie lube 

oil An K ^ ^ contaainated oil and the syst® flushed with new 

(14'8.uLo“I 

start ‘»r*S“'‘lS 12/16/77 vith lte,i!i, 

oed ra!t»«ff * points were recorded, bracketing theplan- 

to"|i“wL"|!““ T'*^' 

.2 (2110 i.,2). •“* 

nrs L‘u°tro7'£r£S t 

C €©at«.ol test fe-ss siso pezzoT&d ^uccmBiully over the of 

c-softf thr 

preteS'^fan saoothly, with ainia® difficulties. Ihe 

ovar!n «n ^ ^ ® repairs appeared to have been effective in controlling 

th! fP oil consisip, ion, ^ich averaged 0.001 a3 (q 33 g^xion) per hour duriL 
the final 6.5 hours of testing. Engine vibration levels were cSsisSL wiS 
IIZITI Sensitivities noted were higher vibrationllveL wUh 

werPwe?rbeh^ed!'" blade angles. All other engine parameters 

off onrofljP?^ inspections revealed that the concave surface skin had blown 
<!Pnar■sl^«r^ ^ ^ Struts at approxi®teIy the 8:00 position. Ihe skin 

awaf Ko Partially delffiinated as the skin peeled 

ho Other damage was noted. This concluded Run No. 7. 


Run: 

Date: 

Run Tiasa: 

Total Engine Run Time: 
AJDH Readings: 


® ** Fully Suppressed Acoustic Test 
1/3/78 through 1/4/78 
5 hours 45 minutes 
56 hours 38 minutes 
Ho. 168 through 196 


Prior to this test, the follo^^ing activity was completed; 
@ Added heat tapes to the heat exchangers 
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® lesoved sllpriKg* ial®t rakes, sad 
sll blaskoff 


layer rske. lastalisd 


@ 


pressures. Set up re- 


Bspaired dsaage fea freaa strut skio 

lastalled acoustic probes ®ad wall 
cordtBg equipssat for acoustic test 

Serviced lube teak to indicate 0.076 ^3 (20 of Soyal 899 

glass pat^e?^to\reveat f^sae struts ^rs covered with flber- 


A l..k ... di.=«,.r.A i„ ,k. 1.1,. ^ 



blade £ip^*aaff^°fraS^artSatSrfcf-?«dri'^^ 

repaired. High witsds and esLer»lv he'*vv «^®aged areas were 

ther testing for the nSt 8 teS. ^ ®ccuis«lation prevented any fur- 


Run: 

Date: 

Run Tiae: 

Total Engine Run Tiiae: 
ADH Readings: 


3/10/78 Suppressed Acoustic Test 

2 hours 23 ainutes 
59 hours I minute 
157 through 200 


following events occurred prior to the test on March 10, 1978. 
SpaLedr^*'^*' microphone stands were damaged by high winds and 

Repaired defective acoustic probe actuator 

2n^pitI^cloIur^I Sn’^^giL'"sr^r^^ ^etemine the cause of 
blade pitch readings betS lDra;?^’ ^ correlation between 
oec%een and tne control panel. The Elga^ 


@ 
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o 


the^air sosorrco keep^ths^coatrorin^ digital cestrol dariag 

As long as the coatrol rSaS ^ « ^g^Iatica daring coastdo^^. 

ii.:i-ithia^^^^ 

0» 2/15/78. the engine ^ss air asotored to lubricate internal parts 
taken. ’AI>a\eSi^ri92^tLouS^m ««®«stic probe data to be 

increased again, grcin^ 

allowable blade stress envelop?" vithin the 

Several dynamic pressure sensor^i??h« ^ ® ainutes. 

^re d^ged and the probes returned to traverse probes 

frasse vibration levels were Si?!?.!?, 

"»•• All other oo.£„ *“ 

' SutT :„riSl2 

readisg scc?srately vC>0 lhs)i a^4 Bridge C 

S«Sd“° ditchrrse trovor.o probe. „ro ro- 

presrora durli’I*2LJtI-«*l°r'f atarter air 

2tair‘ 

u2“^ "«»seia '*®'^‘*saS'’»irrE^i„rst£r&’' 5 ,’’''”®'' '>'« folly aop- 

to -1^7 open over a tiae span of S changed froa +2.9* closed 

speed, Mach nuaber, T5 and Jibratfon levels' engine parasters, co-e 

f“f® could be detected for this sud-’en constant. Since no 

etely shutdown. All vibration levelTrem-t^^/^^''^^' isssedi- 

Iminary inspection revealed no Pre- 

+2 closed as compared to the • ! dssege end the fan blade pitch wa- 

• rff aagiaa" pa.a? a„pp!° c“3 ’"’.'‘'r'’ SallL; 

working sozEaliy, but still indicating reedout appeared to be 

> utrjaagec. i£ vas reiaoved 



frc^ the sctuator sad retimed to Ivendsle for iaspectioa* The esgise 
secured^ eoucludiBg Rusj llo* 


E2£Qt 


Beta: 

lya Tima: 

Total Eagiae Ism Tii^: 
ABE Eeadiags: 


Ko. 10 •• Fixed Pitch Mechsaical Checkout ~ 

•5* Blade Angle 

3/31/78 

1 hour 56 aimites 
60 hours 57 minutes 
lk>. 202 throu^ 206 


The differential and no-back were disassembled and the differential 
hardware dee^d not reusable* k new differential was ordered; but due to tae 
long procurement tiase, hardware was designed and fabricated to allow testing 
of the engine with fixed pitch. The engine’s forward su^ was inspected, 
cleas^ and lubricated. Tooth pattern checks on the reduction gear star 
showed no unusual patterns. 

Electrical ^edifications f^ere made to the digital control; consisting of 
"jisperiag" the LVBX aa4 fea pitch servo leads, v^ich ^?as necessary for fixed 
pitch testing. Hydrsulic lines running frs® the fan pitch servo block to the 
forward suap were disconnected and capped. The tK>-back systea was reesseabled 
and installed in the engine along with the fixed pitch hardware, fan actuator 
package, and slipring. The lube tank was serviced with 0.026 (7 gallons) 

of Soyal S99, and the engine preped to run. The fan blade angle wes fixed 
^gog?* open. After Eotorlag, the fan blade angle sseasured at -5®19'. 

On 4/3/78, the weather cleared and the test began with Engi^ Start 
60. Only one shutdown to change balance weights was required. Testing 
inclcuSed adjusting nossle areas froa 1.42 (2200 tn«^) to 1.8< (^SOO 

Blade stresses were evaluated up to SS.S percent fan speed CS200 MsxiEUsa 

tL^t obtained was 81,087 K (18,2^ lbs) at 3100 fan rpa, 1.42 b« (2200 in.“) 
fsa nozzle aroE au inlet Mach xiiisiber of Q.82. 

Ho control or vibration probleiss ^re encountered after the field bslsnce. 
Fostrutt laessurei^nt confinsed that the fan blade pitch did not change during 
running. Apprcxinately 0.0076 (2 gallons) of oil was consujsed during the 

2-^hour run. This concluded Run No. 10 and the engine was readied for fixed 
pitch acoustic testing. 


Run: 

Date: 

Run Tisse : 

Total Engine Run Tisse: 
Readings: 


Ko. 11 - Fixed Pitch Fully Suppressed 

Acoustic Test 

4/3/78 

2 hours 50 xrinutes 
63 hours 47 minutes 
No. 208 through 225 


Prior to this run, the slipring was removed and the spinner cap installed. 
The core exhaust acoustic traverse probe and far-field sound microphones were 
set up. Tne fan blade angle remained fixed at -5®19* open. 
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at ^00.%0ri92 

<s£r:.c 

limit of dictated by e T4lJ 

n:.:~r:ii' Fr- ~ 


Engine operation ^as ssooth throughout 
consumption of oil. This concluded Run No. 
for reverse thrust ssechanical checkout. 


the test with no appreciable 
ii, as the engine was readied 


lim: 

Bate: 

Hun Tis^: 

Total Engine Rtai Tiisa: 
Eatings ; 


No. 12 — -95* Blade Angle 
Reverse Perfor^nce Test 
4/6/78 

1 hour 22 minutes 
65 hours 9 minutes 
No. 226 through 236 


Prior to this test, the followiog actions vere taken 


® Peeved all acoustic traverse probes 

® Installed four inlet rakes and one boundary layer rake facing aft 

® installed three cobra traverse probes in the fan bypass duct facing 

® H^noved fins from boattsll 

• Removed acoustic splitter and installed blankoff pads 

Installed an additional accelerometer on the lower left fan nozzle 


equipment for reverse thrust testing per Test 
Removed the spinner and actuator cover and adjusted fan blades to 

:.r;upS„rf«„r “««■ 

Serviced lube tank with Royal 899 to indicate 0,068 m3 (18 gallons) 
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2.45 

»b,er^ “ “• t«, lUp, a„i^ tie i,.;r' 1;*^' ”•• 

«}§o 2.2) ssirji? t-h2f i»4Sis»r2'.2‘i™ “ 

or io the PMC .hotdoa. iMMctifn tbS tou22!”^*^ 

n^f “:reT:irjs?22:iT3 SioVri,”^^ sfi™ ». 

«.. Md. .bMc Ci,, T5 U=“ ofloyK SoSJ « ““’ ;=“* " ““ 'I- 

oot bo otobiUoM OC Cbi. J,i„t °M L bS r™ 

off to idle* reverse thrust ??ss 

2435 rpa. High ua«!er cowl the 

xdle required the engine to be sLtdoi^ £ 0 ^ 0001 ®^*^“® 

2200 rps fea °'^®*'Sl2st^8pse?arjichTa^^ aceeled to 

prolea^d rnaains. 4DH and craveLe !! ^ ^ stresses would allow 

sccel to 2460 iZ rp. 

cavity te^^retures were elloJSJeTiaS ga'H52??'.)"t 
shutdown, mrs concluded -§5» revers^thr^ar^^f^SIncf teftl^'!" 

stresses spprosS^^So^percest^orLoyiLSs^”^ testing. Fan blade 

Fost shutd^m inspection revealed nothSg unusLl! ^5 ifeit. 


tea: ■ 

Date: 

Sm Ti^ : 

Total Engine Run Tise: 
ADH Readings: 


Ho. 13 — -*95^ Blade Angle 

Acoustic Test 

4/7/78 

36 Esinutes 

65 hours 47 ©inute© 

Ho. 237 through 245 


.piitSr 2rtMT.i‘sra2'?hroii2L2‘“ •*'"' 

0.06S »3 (IS *“*f »» 2L2 2 M„i™3 '» 

field data. recording equipment was set up for acoustic far- 

data TZ f3i"lDrtinn';er;'r^^^^^^^^^ far-field 

fan speed. A slow accei and dacel from 2000 to 24CK*’rn°°^’ ^ 

recorded thrust being -19,170 N (-431Q ib,V r * 2 ade with Eaxisum 

was a full open 2.64 m2 C41(^ in. V ^ i* the entire test 

before shutdown but hi^ reduction pe4 4 ,rh deceled to idle to cool 

shutdown. A 2-minute X motor Zs SS If L1rSe"e3f "'f 
®fterwerds. A post-shutdown inspection 
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Dst@: 

Rua tiisa: 

Totsl Esgias Em Tij^; 
ADH Esadis^s: 


Ko* 14 - Bl^de Aagle F^slly 
S^sppresssd Stress Check 
4/8/78 

1 houT 1 laiaute 
66 hours 48 aimates 


The purpose of this test wes to stress sap the faa blade perforisance over 
operating range at a -8* blade eagle. The spinner and fan pitdi 
actuation co^er were removed, end the bl^e pitch changed to -7®52’ open. 

test began with ^ine Start lb. 73. Vibration levels on the fan 
r were hi^ at idle and the engine was shutdown to change balance wai«^ts 
en^n re^^ced vibration levels enabling completion of the * 

thr^ob^L acceled slowly fr<sa idle to 2000 faa then rapidly 

ana i.e57 o* i29vQ in.-t). Panel readings were recorded at each point Both th* 

acceptable for further running tndar 

® J ^ ^ conditions, lb engine related sroble^ ware eSoun- 

te^ed. T&e engine vss then preped for acoustic testing. 


. Bate: 
lu3s Time; 

Total Engine Em timB: 
ABH Esadin^s: 


fe. 15 — -8^ BIsde Asgie Fully 
Suppressed Acoustic Test 
4/15/78 

1 hour 38 ®isiut@s 
68 hours 26 minutes 
251 through 263 


thf imef of faHlade'^L^^r 

oTilt tSrpSLfSuf incidenf t^’shuS" 

damage. ^-nour inclaent. Post shutdown inspections revealed no other 


Date: 

Hua Tise: 

Total Engine Eon Time: 
ADH Headings: 


Ko. 16 - «3eS® Blade Angle Fully Si^^ressed 

Acoustic Test 

4/16/78 

2 hours 9 sainutes 
70 hours 35 minutes 
Ko* 264 through 284 
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♦ ^ testj fe&e spiE3^? faa acts^ato? oovsts eero re^^d aad tha 

f®,» adj^ted to -S®20* opee. ^ cove? surf spissar ea ?0 tissn reisstalied. 

^ata poiEt® ff®co?ded at SI, S5, gj^ B7 paycaat 

ia,2)^ 1,£§ ^ (2400 1^..=)^ aa^j 1,^43 ^ (2200 in.2). 

A^ltioaal 0 |!^ polst® of S3 tual 8T pareaEt C25S3 aad 2S10 fan rps> tfere recor- 
^ C^sSSO in. ) fan jkjzsI® a?aa. Ckjsting ^nd conditions forced 

to stay Vi thin the ^nd spaed esTOlopa 
^ blade stresses. Steadily rising wind velocity finally terainsted the laS 
tro plssmed da ca points* Sis Em MOo 16 . 

Blade A^le 


Bate: 

Bsm Ti^; 

Total Esgi^ Rm. Ti^z 


17 100 

Mouutic Test 
4/21/70 
30 saimjtes 
71 5 minutm 

&. 2S4 thro?igh 2E6 

e»^ sad fan scteator cover ware reeved assd the fen felede angle 

^t at -iO., open. I^a cover, spinner, asd sliprissg sere instsll®! and eh® 
engine prepsd to mn. High wind conditions escesding the blade stress wind 
envelop l^its delayed testing for several days. On 4/21/7S, the winds died 

Sagine Stsst tio. ©2. AM aad soand re&dittgs 
nossie area at full open 2.64 
(4100 in. ). Engine vibration level® were low; however, the fan sosgla 
cperstor's panel was changing fey as such ss ©.04 ^ 
sasisua allowable fen speed was stopped ?^en 
bla«a stresses were eg^co^ntered at 2300 

Se fan nossle area was reduced to 2.51 (3900 ia.2) with the saj^ 

variation not^. A second slow accsl to aszisua fan speed was dxsrted. 

^ain due to fai^ blade stresses. A rapid accel froa idle to 2645 rea was 
then saccess.ally performd and the engine stabilised as ADH and sound 
readings were taken. 


A visual inspection of the fan nozzle flaps was nade at this tisse, and 
it was discovered chat the top left-hand flap was vibrating approxisaCely 
* inCi.) at the tip. The other upper flap wm vibrating at s smaller 

amplitude and the bottca two flaps showad no signs of Ecvessent. Since the 
upper flaps were not instrumented, an evaluation of the vibration node could 
not be saae. The engine was iasasdiately brought back to idle, allowed to 
cool for 5 mnutes sna shutdo^m. A post shutdomi inspection revealed no 
-desiage to the nossle flaps. Further reverse testing w&s canceled pending 
further investigation of the flap vibration. s 


Ixm: 

Bate: 

Eim Hess: 

Total Engine Run Time: 
ADR Readings : 


Ho. IS — Variable Fitch Functional 

Gieckc-ist 

U/27/U 

1 hour 29 minutes 
72 hours 34 minutes 
Ho. 2SS through 294 
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^ The purpose ©f this test wss to checkTOt the ©aeg'stion §*k<» 

®*® slipriag, spiaaer, fea sceuator, aad fiaed- 
^tch hardepe ®sre reE©Yed sad the as® diffareatial asaeably iastslled 

r® hydraulic liaea receaLcted, and 'a 

cart used to pressure check the systea at 1034 S/cs^, 15CK} psia 
Ko leaks ware disco^red; feossrer, as the hydraulic pressor© reach<>d ^ 

^ II began vibrating ia^he ease 

duTiug the last reverse thrust test with a peak displacesant 
at the tip of approninately 2.03 ca (0.8 in.), ihe upper riSt flao^was 
vibrating at a ssaller rate of about 0.64 ca (0.25 in.) vhil?the lo^r two 

toa^Lf?^^®! stationary. A snapping sound was esitted fr<^ the 

top left Qossle actuator and was assus^d to b® the sound of the actuator 

^draallr ®®^ casing. The nossle flap vibration ceased as the 

hydraulic pressure was reduced below 827 H/c®2 (1200 psia). All further 
actuations were mde with the hydraulic pressure at this level or 


The faa actisgsor ms reiEstsIIed and the dieital 

cart, the blades were actuated frm •8-17*10’ closed to -112*14* ^ 

open T^ich was the full ^dianical travel available, ae Elgar "o^f eneine” 

<iigital control and the blfdes a^toaSd 
oitdi “112 41 open using the full range of the fan Made 

Sv©?rK ^ ®perster*s panel. The fan blades ware then calibrated 
over thts^s«®£ rans® using the operator’s panel blade angle readout aS an 

The hydraulic cart was rmovad and 
P^F^ES restored. Ihs spiaasr, sliprisg, and slipriag strut 
were anstalied and the engine prepgd to run. All recording isstru-^tatiou 
was set up for a vibration, stress, and mechanical 

core ^ ^ fa 3800 

^ minutes. The fan noszle was ^justed to 1.61 (2S«K> in 2) 

^d blade angle adjusted from -.3.5' to -.S* then back to closS A^t;r 

storing, the bl^e angles were measured to have fully closed to -e-9.5* The 

El^r power supply was again connected to the digital control to prevent Se 

3 minSef ^ctdown. and the engine motored to 3800 rja 

f«L? ? adjusted to -^5* closed and naasured after 

coast Gown to be -t4 50 . The engine was saotored for 5 minutes while the 

to“-W? "•’> ="* '•» “>-«■! 

«..»! • Eaasured blade angle was -9S*40*. A 

final air motor was performed and the blades actuated to ^5’ clos-d and 
cossle srea set at 1.61 ^ C2500 in 2^ ana 

sasle on L^n. ^ ^ 4- * inc^iEOseter messured blade 

angle on shutdown was -84 50 . rne Eigar was removed and the core exhaust 

acoustic probe installed. One far-fisld microphone was also set up. 

_ ; ^e-_test began with Engine Start Ho. 83. An idle leak ch«ck was oer- 

forsed with no proble^ indicated. Two changes in balai^ie wei^cs 
requires to reduce sliprmg vibretica to orevious test levels F«-n his? 
were closed to ^8‘ where fan speed stabilised ©^210^ ro2 Jio f 

Srating^-° vibrations predated 

operating angles more open than 0*. The fan blades ware set to +5*. and 
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to "frS* tio 
to <“ 8 ^ 


ths eogies accaied to 260 S res w, ^ 

0- S.rL“lL‘.' 

^re takea at *^!'^ 5 *r 2 d^?®blfS^®le 8 coatrol readiegg 

&ce» “ 02 sle area reaaiaed l.ll a 2 2 SSD, ®sd Sg^g 

^oastic core probe and far-f£eld data ^ Poiats. 

fan ^ with the blade angle set at *3 3 ?^® idle, 2 SQ 0 end 3©00 

notale area. Other tha^h^ fL C 2900 in. 2 ) 

the engine operated as ^oothj as sagies, 

indicated thrust was approJ^L? S 

blade angle. -^,/oy m U 2,300 lbs) at 3 S 00 fen rpa and C 

wear. ^ apprSisbiri^e®^ 011 ^- 3 ^ 61 ,^*^®®^^^ nothing bnt aorsal engine 
and hydraulic system and ^1 oil 

lathing nnusaal found. -Shis c^U^ thTlLl^^f inspected with 
the QCSES Ox^ engine. The testing for this instsllatios of 

engine hardware packed for store'-e stand sad ail 

further follow-on acoustic tLti^. «railsbility. for 

act irlty took place: acoustic testisig, the following pre-installation 

blades fou^d^nSsSs ^usSl!^® ^s^spactioa of the c^sposite im 

tS^ntSof - ■ 

cooposite i^erat sJJtiLri 05?61 ^ 1 * 122 . 75 ! Ho^.;path of the 

Repaired cathedral tip treatment on the fan fr.ee in several areas. 
nothing^uiusSrrecfrdel!®^® composite nacelle for faults with 
* ^gan programing of the new Site IV -0 control console for QCSES 

to 88,960 K < 20 ^ 0 &D^lbn^®*lhe®load^^^®i^ the forward sode up 
( 100.000 lbs) c^Il wlth“'; th^Je-brldS^^St!®® ® ^ 

approved for further^Ksting.®^ spinner. Tae spinner was 

tsX Lst xon oti tb© Sir a «- «_ 

harden cor. ^ cctcrbod, 6 ellco«ria“ ,!d*‘° ®' 

i^nouta inie,. and the ooag>osite fan and 


© 


o 

o 
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cor@ xastalled. slave I^bricatioa syst^ vss cleaned end 

serviced ^itli Eoyal S99 cxl. Use oil level sensor was calibrated at this 

Ifee variable stator vanes ^ Stas® 1 snd Stage 3, fan blade angle and 
fan ijossle are^ were calibrated with the entire electronic network, Sanborn 
Eecoraers Digital Control^ and the Bata Modernisation Systems (BHS) and control 
console progr^seed. Blade angles were calibrated between +9.1* closed and 
-9.3 o|>£n. fhe fan nossle actuator required rerigging to place the actuator 
against its steps in the fully closed position. Koaale area was calibrated 
between 1.36 (2108 in.2) i^gj ^2 (2909 in. 2) as measured. The "an 

blade angle fan nossle area treasured curves were progr^^sEed into the DMS 
and control console progr^s. Tnese values differed slightly fro® the indi- 
cated AIS and blade angle as seen on the operator’s panel. Blade angles were 
always set using the control insole angle. Fan nossle area deviation between 
the con^Ie and operator’s panel was so ssail that the latter indication was 
used setting AIS for <^rator ease* The core nozsle resain^d fiseed at 
0.3S1 (5^ 

lastns^ntstion was connected per the Test Request and Test Request 
Changes. Only safety, control, and basic aeroperfonsance instnixisnt-atioa 
were ter^nated. -Sis wall dynssdc pressures, and the fan OG^ acoustic traverse 
probe were installed, slipring system was net used during the entire 

f©ll 0 ^»*oa test sequence. The acoustic treats^nt on the fas doors, fan aoszle 
flap®, core doors, and fan fras^ G€¥’s w^re taped for the first baseline 
acoustic test. 

On 7/3/7S, engine Installation and the facility prerun checklists were 
completed. The initial dry a«^ wet motors were performed with so^sa lainor 
reriggiisg of the throttle required to achieve the correct stopcock position. 

hydraulic leak around an ins truant at ion fitting was corrected. The 
first attespt to fire— to— idle was aborted due to a loss of core speed at 4400 
Tpm. The problem was traced to an errant setting on the starter protection 
t^dule; and was corrected by raising the starter cut-off speed to 7900 core 
rpsa. 

Two successful starts were then made; but in each case an iiasadiate 
shutdown was required. The first shutdown was tsade after the lube pump 
discharge pressure failed to rise to an acceptable level. A misprogrammed 
pressure transducer was found to be the cause and was corrected- The second 
shutdown was ^e after the control console CRT failed to display safety 
paraa^ters while running at idle. Two dry motors were made to troubleshoot 
the control console problem. 

On 7/14/78, three attempts to f ire-to-id le , to further troubleshoot 
the control console problem., were made; and in each case, were aborted due 
to insufficient starter air pressure. A defective facility air valve was 
isolated as the problem. The engine was then fired-to- idle by isanuallv 
opening the starter air valve. The engine was shutdown after 2 minutes 
of running at idle and a booster on the starter air valve was replaced. 

A subsequent dry riOtor showed the starter air valve to be functioning cor- 
rectly again. The X3 sensor going to the digital control was found to be 
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'i=- 


«=giM ti„ a,;. 


-■ s^j- 5“(;», X 

p2r;„- -- ,*s rLw«» 

recorded, folloviog i« a hgtor^/2e”e1tT/ 

y Of the test between 7/15/78 and 7/21/78. 


Run: 

Date : 

Run Tisa: 

Folloa-on Test Ren Tiase: 
Total Engine Run Tias: 
Readings: 

Engine Logs: 


mini 

7 hours 22 ainutes 
7 hours 56 minutes 
80 hours 30 Binutes 
12 through 42 
14 throu^ 72 


instauX "^e*‘Srsr^t^of^SirS®^^'^/®^® acoustic probes aere 

Ihe^^sr^*^ ^Sies to he tl-^^ to achieving an acceptable 

The test began with Engine Start a* ?.« tested, 8* open to *r closed 
vibratxon sensors ^as letect^Lfnsf’ bovver, a misprt,gra®iing of ?|fen^i- 

H500 if?/" ““ *■1“'= “Sle »t 5* »•• «cl.t,t«l ij step, 

was decelerated to 2800 fan rpm Ld i eogin- 

vibrations were encountered.^ oponed to 0“ where high 

alance wei^t added at Position 11 ~t- v®s shutdown and a 

accelerated in steps up to 3100 ^ Hred-to-idle 

from +5; closed to -5* Vn. HhUe t^' blade angle was adjusted 


The next atteapt to firo — ^ai 

ihTlnl^ seconds after fuel was suopli^* ^Thrt*^ engine failed to 

f2300 accelerated to 310o‘rpm the restmsd with Start Ho. 7. 

(2300 in. ), and the blade angle varLd w area adjusted to 1.48 m2 

T«y vibrational activity Se -! T^° -»* cpen w^th 

vibrLio' ? varied bSwsM*+9^an] 

ibrational activity, 2je engine w-« ^>, u again with only slight 

Boy.l 899 oil 0.0076 .3 (j 

»a c|: “• 

.ngl„ of ^4.3" .od -5», .. 00.01, .roas or"S“J*?8lK1oST°o^'" 
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Fsr^field acoustic testing fes^^ia ^£th q t^»k» /- 

«”rriLStti' “f'? °f ^ r •»“«-- 2c^“:-Ji. T“ oTiX^xv 

required. Fourteen fsr-fieid souisd readings were taken at 
C2360 5 ^ 2 \^ bet^ea and aossle areas betvees 1.52 

Whan 80 ir«.r»? acoustic array portion of the test was deleted 

moisture in thf ^ItZT^ ®rcrophones could not be properly calibrated due to 

engi^ perfonaed well throughoat the test with no lube systea. 
hydraulic syst^, or digital control prohiei^ recorded. The aidsnsn bsarinsr 
r.. y «. U.it of 544 R (260- F) dori^ oxteoded ™»iog « 

to 327 ^fi4o* escoa^or could only cool the anyply oil 

f^ftS th ^1.®°“°'“ '*>- through 162 »te tecotded. ai. 

cosplet^ the fully unsuppresssd acoustic test. 


Run: 

Bate: 

Hua Ti^; 

FolIoH“oa Test Rim Tiise; 
Total Esglsa Rim Tii^ : 
leadings: 

Logs: 


Ko. 20 ~ Acoustic Baseliae Test 
(Coixfiguratioa 2) 

7/I6/7S throu^ 7/17/78 
10 hours 38 simites 
18 hours 34 mnutes 
91 hours 08 Anutas 
43 threugji 104 
73 throu^ 141 

r^ved froa the fan frassa 0G^‘s and 

ThTfeft repaired on the fan and core cowling acoustic treatsjent. 

test began with Engine Start Ko. 11. Twenty-three far-fiald acoustic 

^^33 **®f®*-« «inds forced a shutdown after 2 hours 

S Oi. run t^. Blade angles had been varied between -3.3* and 

p^pfred shutdown, the acoustic arra; J 

The winds subsided and the test restnaed with Start Ro. 12. Arrav data 
^2 percent fan speed at •»-4.3 and -5* blade angle and at 

. and 1.6 p a (2360 and 2550 in.2) nozzle areas, respectively. High win-’s 

frrav no'fnt eliminated the last two aiming Lgles of the fatL^ 

array po.nt. ^.e array was removed froa the sound field and fer-field acoustic 
testing oegan with Start Ko. 13 when favorable wind conditions returned. 

With the fan nozzle area set at 1.52 m2 (2360 in.2) and at 94.6 percent 
fan corrected fan speed (3085 rpm). far-field points were recorded 5* 

s«’ ' ’/' ! angles. With the blade angle reaainins at ’ 

r corrected s^fd 

respecti/aly were set. Wiile setting these 11 acoustic points, ther« no 

rh vibrational chartacteristics. ITnile at 80 percent fan 

s^ed, the nozzle was adjusted to 1.87 m- (29C0 in.2) the biade'lngie se- 
to ^u.3 . An acceleration to 91.9 percent speed was aborted when the £ 1 
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bearing and fea fvsm horis<v„#.^- 

tude St fipprozissately 2950 fan reached 4 mils d<Ribis ®«nli- 

noatle area to 1.61 «2 (gg!^? &lsde angle «as eet to 5« \S ^ 

egaia. hi^ ^if>r®tionel aft^itC acceleration att®ited‘ Lt 

«t«:empts to accelerate thfengiL to ^ Le 

blade angles eith similar results speed »ere made with -3* and -S* 

but would steadily increase with { *^bration levels were safe at 2500 fan 

Durian ^^• u ainutes. 

aad the lube svstia'*®*^*”^* field balance weight at cosiV 

gine test)'n» ^ serviced with 0.023 \ position 11 was reaove< 

gine testing resismad with Start Salions) of Scyal §99 «ii ^ 

successfully Eade with a ^.5•t^ ®«®1 fo 3100 rpa ^ 

as vibrational ectiiitA!^ 1.61 (2500 C 2? 

fan sSJ^^iTbL'f 4.f;ii?Sf 11, 

to 3100 rr® opened to -S* » i 2950 rp® 

field data pointsllel^eratlh?^"®®®^ problems. Ihe 
- 1-all the core e^lH— ll^ "t 

-s 1.27 cm (oneself inch) in dia^t 

probes were installed and 0 ^F®®® «^‘sce and rensirsd * 

•S dSo'^r'’^® *'*“ >^- S “"S^ °5 “ tCx„be 

U°.fT ?.“■ «• wid. *“ 

speed ^«re averted due to ww 

setting aM 1.87 b 2 (2g0O L% “’“aHy obtained with a 0* blr^I t 

m2 (23^.15^ ^il« taking wfsls-'^'rsz 

Si - -• - 

speed points 0 eJ a DKS reolnf^ 1 <^iffi- 

.\r‘!::*> »' ... ru??' 

«.t.=ctioa ... ”■' f" frm d.r£.8 t’h. 


Run: 

Date: 

Run Tij^: 

RoIlcv?-oa Test Kun Time: 


6 hours 52 minutes 
25 hours 26 minutes 
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Total Eua Tiiss: 98 hcur-a 0 sisatss 

Ho, 109 though MS 
Ho. 142 ttoough I7S 

Prior to tbifl test, the foUoviag coafiguistioa ehongoo Mre sade: 

. ^oed the belteooth tout ood irotoUed the eostposite £U*t 

® lastslied ec©ustic splitter, 

* Sl2e'rSeSS.‘'“ '**"“'* >*«'■ 


e 

o 


Installed acoustic traverse probes at the fan face and inlet three 

sito iithf fors““‘“ 

S“to'LLni:s th°rMv“s.“ 

Serviced lu&e system t.ith O.OU ^3 (3 g^Uone) of loyal 899 oil. 
StiS! acoustic array ^cropfesoes for acoustic 


© Static pressure ©a ialet, 

p.totrirr«c;Si“Shm?‘fL- “'i rcoo.ti. 

oU spoedo, for oil blade aMlee^(+3 to vioretwa levels rote low et 

(2S00 to 2360 io.2) tested.^The Kto Itoit oIm-’oI’®' *•“ “ 

tered at the -8% 1.52 q 2 (2360 in 2) ^inn (2600 F> was encoun- 

was then shutdoua to install thi» «rf,^ condition. The engin 

vealed ^aterial^iftinrsuL W inspection re 

proriEately 12 o’clL? ^stru^nted core inlet OGV at ap- 

the flovpath over the^vane mountersenr® cdhesive-eposy used to blend in 
tion of ?he array test ««il coaple 

foro.i‘r:!:*tL^^f:t:rSthi“th”\nd\“iu^ 

did not subside until late th«t- n. • ®s limit envelope. The winds 

instrusentation was repaired &L the h“^’ ^ 

installed. The fan fsL orLJu ® acoustic probes 

the probe fro. being trLeLll “ inoperative, prohibiting 

•V ^ bslance shifts occurred during this test In fst-t- 

rne repair of the leaking f test progran. 

ooccerotollV co.troitod oi. tr*t. 


G4 



^ systes or control probless e®re encoBatsred, aUHout* due to the 
hv^aabieat^tea^retu^, 301 K (82“ F>, the T41C liait wag apprSched a«- hi4 
spaeds^d cloead noss^a areas. The repairs Esde to the OCT instru^station* 
r^smxaed is^act diirisig the probe nso* ^oustie ^edisgs Eo 226 throat 

recorded durisg this test* ^ " throuih 2/4 


Sun: 

Date: 

Stm Tis!©: 

Follow-on Test Run Ti^: 
Total Engine Run Tisge: 
Esadlngs: 

^igine Logs: 


Ho. 22 - Splitter Effect Ac«mstic Test 
(Coafiguretion 4) 

7/20/78 through 7/21/78 
8 hours 4 ainutes 
33 hours 30 ainutes 
106 hours 4 aicutes 
Re. 151 throu^ 175 
Bo. 180 throu^ 238 

Prior to this test, the following coafigaratioa dSanges were Bade; 

® Eesoved acoustic splitter and installed blaaheff p^i*. 

2 ^:ScStyirirsi 

® Wed core eidiaust and fan duct discharge ^oustic probe stands. 

• Sepaired strain gages on the fan face acoustic probe. 

® Frogrc^d Sanborn Reorders for 

diately follow this acoustic Ss? transient testing to W 

were recorded before high wind i.De«d9 «la£a points 

erf 2S Bioot... Ihs .iS. “®‘°' eirfMos® «ft.r 1 hour 

«ote f.t-fi.id «roursLor.rurif.$r; 

.iirf. forcBi ..other .huMoJ! ?uriL SK Su^LT'^h”""'** i*'”' 
hi.ch=s. .c»,.tic tr...r.o probe «Lf«rf SSi-J S*u!S“*' f 
dropped, and the test resuaed with Start Ko 91 ^ ^ 

were recorded when the eidiaust probe's d7nai^ie^Br»fr*’^ points 

tioaieg, eliuleatiug furS.rtr«orSri? 

OCT. ». £„ erh.u.f prL^ '“*• «“ 

tiTOs coupletihs the pl«u«| aooustlo Kst pro^^ 

.rM.2.2S22r;..2ir “>“*■“•=>' ™> =»t pr.p.r Jf„r 

liters ..ro adjufted to 22foSi2“,Sa2ho2®irT2u Iin! 






Table Sill, feitmaeic Coaerol Ileds Test. 


j g^c tioa 

XI8 rate 
XIS roof 
X 18 

XI§ e£q 
^ auto gain 
BF servo g&m 
Mas IFR 
BF rate 
BF floor 
Manual BF gain 
Mil 

N1 Schedule 


Falue 

1.87 ^ (2S00 ia.2) 

1.42 (2200 in.2) 

fioaisal 

Soaiasl 

U.6 

8S®/s©e 

♦5.0* 

Kossical 

0.835* 

2S00** 


^ueicaced XHil - ^xtual mil * 0.79 
2/«9 rpa. Physical oa 267 K (20* F) da^ 


feta thst blade angles are c * 

f® froaihe opea pLiSor Position i&ile eoz- 

log traa recorded at each poiat begiaaiS vi£ 

eas opanad to 1.8? ^2 (2900 ia 2)®^ ^ ^ith^lsgtna Log Mo. 204. a® toggle 
«*ere fsa speed stebiUged at i964^«^‘®f® ®^jos£ed to *B” dosed ^ere 

vated, the faa increased to 2100 rp^' ^iu forward tsoda was acti- 

the fan was sow operating in s cridcal biad^ ressaiaed at 10,935. Since 

speed was edjasted to 10.760 rusa stress range, the core idle 

was th^ switched fr<^ auto fo^ward'trfuU ® ®®“trol 

forward sode, during ;*ich fan speL drSild^ 

tP®- dropped to 1948 and went back to 1970 

90, 95, and lC0^per«nt Mwe?°deLnd^^^^ successive accelerations to 80 85 
St 100 percent, fhe S r^rw«"1urL"! <^iffic«lty. \Sle ’ 

limt raised to 3050, and Engine 2tf f =P®«i 

readjusted beck to 1.72 a2 ( 267 ^ i^^2? recorded. The A18 roof was 

setting on the engineering panel increl-f^ (£PR) pot 

Inlet ^ch nuaber was increased frca 0 785 to recorded, 

with the only change being a slight increase ?“ engineering penal 

Engii^ Log Ko. 218. A deceleration ^oa 100 to 

tlon bs«3: to ICO percent power de>»n^ then as accelera- 

ing the steady-atate portion of without incident conciud- 

returned to 2^ m prjparatron fS Jf!: ^®ttlng was 

parameters at each of the ^teady-stat^^e :ecJS;d. 
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5able Scesdy-Stata S^gd Poiagg. 


E.igitie 

Log 


20S 

207 

203 

20S 

210 

211 
212 

213 

214 

215 

217 

218 
21f 
220 


£31e 

idle 

idle 

08 

S5 

SO 

S5 

100 

100 

ICO 

100 

SO 

100 


Core 


10S35 

10S35 

107SO 

1228S 

12443 

12375 

12765 

12833 

12S71 

12871 

13321 

13332 

13070 

13342 


Fea 

Blade 

AIS 

Speed 

Angle 

(in.2) 

1934 

♦8.1 

2900 

2100 

♦8.1 

2900 

1974 

♦8.8 

2900 

2862 

♦3.3 

2900 

3807 

♦2.4 

2900 

2990 

-1.6 

2900 

2983 

-2.1 

2728 

2970 

-2.8 

2433 

2970 

-2.5 

2317 

3031 

-2.0 

2817 

3037 

-7.2 

2430 

SQ31 

-7.2 

2438 

3849 

-4.5 

2900 

3044 

-7.8 

2473 


Corrected 
Thrast (lbs) 


2S39 

3775 

3350 

1016$ 

10S41 

12495 

13239 

13S50 

13333 

13576 

13340 

16362 

14733 

16402 


^3.770 H ($S4l 

^jtssted to the 8®ss setting as PBpi ^ ?®* ® ®as then 

POP2. Sse esgica ascelgrated slighelv gr-d §®4tchsd fr^ P£S?1 t© 

caleratioa to 65 peaceat thn.str47.SVaf6lo"?f ^ 

forsad. A trsasieat froa 35 to 30 ’ i ^ ^^s), tjsiag PDPl egg pgy- 

power de^nd was aade hTstlzlhini perceS 

ron .itfco„t i„£d«t J .«8i» SsS arSi'S,"'’*'' “ '» 

engine was accelerated to 80 percent recorded. Ihs 

and PBP2 adjusted to tbs saae^t settin* <p, 120 lbs) using PBPl 

and Log 22s recorded, Switchinn- har>t f-^^orvo^® control was switched to PBP2 
thrust, 62.000 H (13,940 IbS 7as p^fo^faL®“ acceleration to 85 percent 
transient from 85 to 80 and back trss ** engine log 229 taken. A 
perfonsed. ®5 percent thrust was then successfully 

72,950^r(l6%r?^s)!"nl S^ba^^^l5”® 

PBP2 was adjusted to the ae^ valufarpop/^'r"^’ « ^'5.580 lbs).’ 

find engine log 230 recorded control switched to P0P? 

ated to 100 pircent t^Tt/ A'trL1"f.l!L^?ofr'’of ® 

back to 100 percent was asde without incide-it percent thrust and 

to PDP2 and back to PD?I c'^olatsne- '•!? ^ switching control frois PS?l 

ih. ef, pot «tH„s v.r;4;S’f 

»ith . co« speed of 10,700 rpa ,„d speed of '° 

y W4. J./JO r^a. The control was 
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pitches to the full maual mode, but was lately retura-'d to ®ito forward 
Bhea fan speed dropped to 1364 rpa. The faa pitch floor was adjusted to 
closed oa the aagtaaeriag psael to prevaat a reeurreace of the eveat and th» 
full ^Rual BOOS agam selected. Using ?D?1, 45 percent power dcssaad was 
set. The nossie area blade angle tjsre adjusted to ICO percent thrust get- 
tings, 1.59 (2470 in. ) and -7.2', respectively. An acceleration to 2500 

!f“ ported w^en the control console failed to display speeds and fuel 

flows. The blades were adjusted to ■6-5* end the engine shutdown to effect 
repairs on the cosiscia* Total engine nm ttes tos 2^ fecurs, 22 ninutes. 

The console was repaired and testing resus^d with Start Ko. 22. Hind 

*>ec^ng unfavorable for prolonged running, so testing began 
2 Kossle area sad fan blade angle were set at 1.S7 

a P'OO IB. ) and -t-8.4. The auto forward jsode was selected and the blade 

adjusted to -3*. An acceleration to 62 percent thrust, 45,227 
H U0,168 lbs), was perfonssd using PSPl ax^ Engine Iksg 2S2 recorded. FDP2 was 

pnni thrust setting and the control switched fr«® 

PDPl to PDP2 and back to PBPl again without incident. An acceleration to 70 
^rcent corrected thrust, 51,060 N (11,480 lbs) was perforteed followed by 
Engine Log 233. Hind speeds in excess of the blade stress liait envelope 
forced a^ret^ to idle speeds. During a rasssentary wind lull, the engine was 
accelerated baca to 70 percent thrust, and a transient to 62 percent and back 
5° c« tarust was perfonsad without Eishap. An attempted acceleration 

to BO psrc(EEit thrust aborted ^ess fan speed increased to 3150 rpH. Ihe 
engine pressure ratio was reduced twice; once to achieve a fen speed of 3050 
and^oncs for 3030 rpn, but in each case fan speed would increase to 3100 rpa 
as 80 percent ^thrust was approached. Tae fan speed schedule was then adjusted 
to achieve a tan speed of 3CS0 and finally 2900 rpss. The blade angle auto 
gam was aI©o adjusted upward at this tii^. 

Another attempted acceleration to §0 percent thrust was thwarted when 
the power desand pot ran ^t of travel. Finally, by adjusting the SPR, 80 
percent thrust, 5S,o60 H (13,120 lbs), was obtained and engine Log Ho. 234 
recorded. A transient froa 80 to 62 and back to 80 percent corrected thrust 
was then performed with no faults evident. 85 percent thrust, 62,000 H 
U3.940 lbs) was then set by again adjusting engine pressure ratio and Log Ko. 
235 recorded. A transient from 85 to 62 and back to 85 percent corrected 
thrust was completed without apparent incident. However, inspections of 
high speed Sanborn traces revealed that the engine had overshot the fan speed 
limit of 3100 rpm, peaking at approximately 3200. Ko further transient accel- 
erations were Bade. Engine pressure ratio was adjusted to achieve SO percent 
corrected thrust, 65,530 N (14,733 lbs), sod a transient deceleration to 62 
percent successfully perfon^d. A normal deceleration to idle was made 
where the blade pitch pot oa the engineering panel was reset to nominal and 
the control switched to full manual. Kozzle area was set at 1.61 (2500 

in. ) and blade pitch at ♦5' closed, respectively, ^ile Engineering consulted 
on the fan speed overshoot problem. Sigh wind speeds forced an engine shut- 
down due to fan blade stress limits. During this shutdown, the decision was 
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ts^ting ae this tims. •&is cc®- 


Tg&l® s?. Steady-State Pareaetesg 




i fere 

Engine 

Ihrast, 

Speed, 

l*og 

I 

1 IFH 

221 

60 

12215 

224 

63 

12257 

225 

65 

12450 

226 

§0 

12236 

227 

65 

12401 

223 

SO 

12774 

229 

35 

12855 

230 

! 95 

1 13194 

231 

i idle 

11730 

232 

62 

12373 

233 

70 

12579 

234 

SO 

12331 

235 

S5 

12947 

236 

90 

13834 


Speed, 


2S15 

2313 

2972 

2782 

2972 

3033 

3046 

3043 

1786 

2356 

3836 

2912 


2911 


Pitch 

4ngle, 

degre®® 

1-nn-iii.i.ii 1 ■ iiii^^^in.i 

Corrected 




<is.2> 

1 

Clfe) 

•«*3.4 

1.8710 

(2900) 

43457 

(9770) 

<►3.5 

1.8710 

(2900) 

44347 

(9970) 

<*3.5 

1.8710 

(29CO) 

47780 

(10742) 

<*3.4 

1.8710 

(2900) 

42118 

(9469) 

♦3.4 

1.8710 

(2900) 

47149 

(1O6CS0) 

“1.2 

1.7219 

(2669) 

58384 

(13126) 

“1.5 

1.5890 

(2463) 

6185' 

' (13906) 

“6.2 

1.7419 

(2700) 

63036 

(15307) 

“7.2 

1.5948 

(2472) 



<►3.3 

1.8710 

(2900) 

456S1 

(10270) 

<*3.0 

1.8710 

(2900) 

SI239 

CIIS42) 

-1.9 

1.5SS4 

(2462) 

59203 

(13310) 

-2.9 

1.5c§4 

(2462) 

61534 

(13S34) 

“5.3 

1.589S 

(2463) 

64892 
1 

(1458®) 


fs^Uers and screens ^-ere rec^ved, inspected, and 
, '*' othiag usuisuel found* Hie cc^nosite cci?lls^ f1«n« s*^ s^is ^ 

sho^fed no uausual ^esr or d^sse of asv a ^ ano blades 

pr...or, oo=l,„.Kr. w SL, rSLSf;. 

the fan blades foead no sianificaL S™! frequency scan of 

progrm for the QCSES UW engine. ^ completed the testing 
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7.0 




7.1 


PgBSQgMABCB g^A3ISfia 


on Build I vhea thrSlsS c<Hspletioa 

testing vas resuasad en the second build f«ii ^ occurred. fgs@o 

gosls were lisited to verificat'on a? bm®* the perfossanca 

ccsipletion of reverse tsoda tes»-ir,i» 2 p.evious Build I ssesar^Bts es^i 

perforsance was not as estansi^ as that S^uildTti® e^sssnt 

goals. In addition, the cossposite nSfiif*. ^ ^ l>acs«se of the liaited 
did not have provision for as ^eh ^nfi^ * c^pos^atg ineorporeted ia Build 2 
used on Build 1. mstrusientatioa as the boilerplate parts 

of Build r“2err^«f «J®»^trated overall perforsnnce 
thrust At T' in s^cific fuel 

than that previously estiassted from Build 1 data. 

S..I t= th, 

« refer.. thrSf:^ tffl?.ret.r. linir. r..tric£,s @P@rsti©a 


to that 
©t takeoff 


7.2 FAH FITCH A^SI.R 

«r»rte t.r,» lWt.tr...!' •“trSfSll^f-'* " 

actuation system installed, the same proce£- JL uSd 5l • . 

in ^ich the belirautfa was used with^tha 1“ sni^tal testing 

points. Following iestallaS^^ortL hysterisis 
procedure uss changed so the p^teh setting 

point.) w,r. tS!?!lth nit!J 5'®‘‘'S* <•«•“. «cptlng hy.t.rl.i, 

.ir l..a!*nl,nt leptpre 

difterenc. in pitch .n.le bet.!™'!™ L!?! ^ W‘cft.4 pitch m,!.. The 

ting Syibhoi. in Table SVI ) Th. ^iSPP« ®* <3.0 Plot- 

ensl. Z ..t pV:“!.Sn;'in“h'.“SL'w1!” 

aately 1.6* more closed than Build 1 at an indic^*cr^^ I v«® approsi- 

than Build 1 gt ❖S*'. oitch *, 7 *c • ndicewed ^5 , and 2,7 Ecre closed 

an additional difference of approrioiatJly^r 

position, due to actuation system hysterLis! ^ 
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Indicated 

Bypass 

lassie Area (418} 

O 2100 rai.2 

^ 2250 

O 2300 
O 2350 
^ 2400 

Q 25m 
O ,2050 
O 2900 
^ 310© 


W&mat4 

Fas Fiteh Asgle 
(mWBEQ) 

0 r 

® 5* 

O 0* 

© “5* 

® . -?• 

0 -S* 

® -10® 



PsrfoTsscee Asoisseia 



The sairt la pitch angle festssea th® builds my bs iadicetive of a 
b^ie calibtatioa repsstability/sccurecy preblea. It my be noted that the?® 
also appeared to bs a shift festueea the first and second runs on Build 2. Ss® 
second run, ^iitch eas for folloe-oa acoustic testing after repair of the pit^ 

actu^ion appeared to have pitch eagles about 1.4* closed frca the 

precesisg Build 2 d§ta. 


7.3 TglOST ?BRSgS MRFI^ 

Birust-eirflos characteristics for the test readings tekea with the bell- 

S Figure 9. For bypass stream esheust nosslc areas 

ms> of l.Sa, l.SI, and 1.87 s* (2100, 2^, esd 2^ ln.2>, the data say b® 
aireetly to Build 1 results, sa MB of 1.40 (2^^ ia 

there were no directly c^srsble Build I data, so the tread for 1.52 a2 '(2350 
th% iaeluded instead. 2he data presented in F%jre 9 sh«sw 

that the thrust-airflow trends for Build 2 are consistent with Build I results. 


7.4 HIBL FI^I FB^S AIRFLO^^ 

J^A ^fsws airflow for the bellsouth runs is presented in Figure 10. 

Ihe t^ds for Build 2 mtch those of Build 1, allowing for the data scatter 

acreslly preseiit m fuel flo??. 


» *5 OglHSTALLED SFEGIFIC FUEL 

bw ^®-33 Ib/hr/lb) at 81.4 

Ifegj ihzuQt^ ussiast^Ied m. a stassdard 288. IS K C 518 67*^ 
^nal takeoff airflow is 405.5 kg <894 Ibs/sec) at'a corrected faa'spsed 
IPXSLR} for ^.5 percent. During Build 2 testing, there were no additional 

« ^ Eousver, there were data at 

97 PC^ ^ich inciudeo takeoff thrust level, ^sse data show an isorove- 
in sfc at t^off thrust over previous projected Build 1 trends, which 
had been extrapolated froa data at lover speeds. 

SFC trends presented in Figure 11. Tne Build 1 trends shown in Fig- 

^ indicated values. They are extrapolated to 97^ 
based on the extensive fan sapping data, and allow for the pitch angle 
shift noted between the two engine builds. At takeoff thrust, the sfc on 
Build 2 18 about 0.00925 g/sK (0.327 Ib/hr/lb) at -5* indicated pitch angle, 
set to.ard closed. (This corresponds to -3.37' on Build 1, which probably 
represents the actual angle.) The airflow at this condition was about 1 

B -fl nojainal value. The data for indicated 0* on Build 2 

(+2..0 , Build 1) correspond well. At -5“, there is lees consistency between 
the data for the two builds. 
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Corrected Fuel 









Corrected Specific Fuel Cossusption, g>/s/N 


( 




-A 

0> 



10000 12000 14000 16000 18000 20000 

Corrected Net Thrust tlba 

^ ^ 7^r 7^ Jo sT 

Corrected Net Thrust, kN 


I Figure 11, Specific Fuel Consumption Versus Thrust^ Uninstelled, 
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7.6 BSVBESS MOPS FERFO^AIICS 


_ leverse aede perforaance testiag ©a Build 2 v&s doaa with the faa pitch 
angle set at -95 At the tisa this test was ceaducted* the actuatioa s^taa 
c^Swsaats were being repaired so the blades were ^sitioned by ssaas of the 
pitch lock adaptor. Since there was s(^ uncertainty during the Build 1 tests 
as to ^ssible effects of the splitter on reverse code faa perforaance, it was 
reeved for Build 2 reverse sode perforsance testing. Use splitter was re- 
installed for later follow-on acoustic tests so it was possible to assess its 
effect on o^etell perfomaace. 

BaxiBsm reverse thxtsst level achieved on Build 2 was -21.1 kH (-4748 
IbsJ, or 27 percent of forward laode installed thrust at takeoff. Althou^ the 
potential for higher thrust is within engine speed liaitations, either blade 
stresses or LP turbine discharge temperature bec^e limiting when hi^er 
levels were attested. o- 

^verse mode thrust trends versus fan speed for Build 2 are shown in Fig- 
ure 12. Also shown in Figure 12 are data from Build i and some of the Build 2 
^oustic readings. These data are not necessarily directly comparable as noted 

e The Build 1 data were taken with the splitter installed and the 
vongissl rotor pitch sctustioa systm* 

m The B^ild 2 psrforsssncc resdisigs are the splitter, 

utilizing the pitch lock adaptor. 

At “95 pitch angle, the effect of the splitter os thrsist he m>ted 
by cc^arisg the B-sild 2 perfomsnce md acoustic data in Figure 12. At 55 
PC^E, the splitter introduces a loss of 1112 N (250 at 67 TOILP. tte 

splitter loss increase to 1334 M (300 lbs). The difference is trend bet^ea 
Build I and Build 2 readings at -100® pitch angle may be due to differences 
in actual blade angle because of the different blade positioning ^schaaiasss. 
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Thrust Corrected to Ambient Conditions 








8.0 FM AlEOimSMIlC 


8.1 FOSMAgP HOPS PERFOm^^CE 

«f characteristics of the Build 2 fan uare siailar to chose 

fon^ard and reverse isodes of operation. A discus- 
8 ou ct the Buiid 1 fsn^perforasnce and its cosaparisoa ©ith the 20-iach dia- 
scale-^del fan si^jlator tests is given in Seference 1. Although the 
Build 2 fan did aot^have sufficient iastrusentatica for a thorou^ evaluation 
or forward ^e perfonaacce, the available data indicated that the fan floif- 
passpii^ capacity and pressure rise at blade pitch settings of -5*. 0% and +5* 
were essentially the saase for both builds after ^justing for the shift in 
pitch indication as described in Section 7.0. Build 2 reverse jsode perfor- 
^ace data were obtained with a configuration sossshat different fro® tSiat of 
Build l, and the cospartsoas are discussed in the following section. 


8.2 RE?EBSI MOPS PERFOBM^iaa 

. 2 reverse Eode aarodynaaic performance testing was performed with a 

sii^le configuration. Use fan blades were set at -95* fr<ss nsssiaai pitch, and 
the acoustic splitter in the aft fan duct was resssved. S®^ overall enaiae 
perforssanee data ware obtained in Build 2 with the splitter installed, fet no 
fan psrforsaace data were obtained for this configuration since the fan duct 
could not be traversed with the splitter in place. Build I testing had been 
^rfomsd at blade pitch settings of -105® and -100®, with the ^oustic split- 
er in place. The scale-E^el fan, described in Esference 3, was tested at 
all three pitch settings without the acoustic splitter, but at speeds hivher 
th^ those achieved with the Build 2 fan. There were significant gecEstric 
differences between the scale-Eodel fan and the Cli# engine fan. The fan aft 
duct, or eslet , a bellmouth-shaped entrance in the simulator, but this 
entrance in the engine fan consisted of discrete tabs with large gaps in 
between. The fan rotor hub flowpath and platform geoaatry of the scale model 
was smoother and had snailer gaps than the engine fan. Also, the inlet 
throat of the siisulator contained large instrument at ion rakes which reduced 
the physical area by approximately 5 percent, whereas the inlet throat in the 
engine was relatively unobstructed. 


As observed with the Build 1 fan, the reverse thrust produced by tise 
Build 2 fan was sign-ficantly lower than that predicted by the scale-oodsl fan 
when operated at the sai^ speed and pitch setting. However, the effect of re- 
Boving the acoustic splitter in Build 2 showed a noticeable ixsprovement in the 
measured thrust. In both builds, the fan produced about 70 percent of the 
predicted reverse thrust with the splitter installed, but the Build 2 fan 
thrust increared to SO percent of the predicted value at the seas speed and 
blade pitch angle when the acoustic splitter was reajoved (Figure 12). Lack of 
sufficient instrunsntation prevented an evaluation of how much the exlet losses 
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e©daceS ^@e else splitee? ess r@s»^©d ®i^, efeas, hse Each effect «« 
tfesese Sight be esseeted fee® this ehsat®. It eeald cet is® detesaieed if 
tss^^iEg the epUttee say effeet uf©a the fsa's basic pacing cher^ter 


^ Figurs 13 prefabs the eagins data froa both builds cespared to the scale 
sedel s reverse soea performace. Pressure ratio shern ia Figure 13 eas 
calculated using the at®sshp®ric engine inlet value and data froa the fised 
rakes located i^^diately dewstre^ of the rotor blades ia the eogiss inlet 
duct. Fan overall pressure rias uas slgnificaatlj le^er ia the engine than 
e^eted froa the siauleter tests, by an ^unt sufficient to be consistent 
with the lewar-thaa-expected reverse thrust. Since the inlet pressure was 
taken as at^jspherie for the data ia Figure 13, hi#er losses in the engine 
ealet duct would have contributed to the apparent low fan pressure rise. 
cobra probe traverse seasurcE^ats ia the aft duct taken during Build 1 indi- 
cated that the exist recovery (expressed as the ratio of total pressures froa 
Plane 15 to sti^spfcerlc) was 1 to 2 percent lower than was measured ia the 
simiator tests, and the recovery could well have been even lover thaa the tra- 
TOTses ti^isated. Mother possible e^lasatlon for the apparent low fan pressure 
Kse is tlmt the rotor hub geo^try differences noted earlier, or a difference 
in the ^uat of flow entering the core engine inlet duct, might have r^Juced 
the asKsmt of separated flow present near the centerline of the engine’s 
inlet duct during reverse thrust operation. A reduct lea in the size of this 
dead-water region would have increased the effective discharge area of the fan 
and lowered its ©grating line. Finally, the relatively unobstructed inlet 
^ the engine, ccsspsred to that in the scale model with roughly S 
J I^rcent rake^blockaga, contributed to the lower fen operating line, although 

this affect ^^^only enou^ to explain about 25 percent of the discrepancy. 

»ii® iasufsicient data ware recorded in engine Builds 1 end 2 to resolve this 
q^sti^. It is a subject that deserves further testing sad analysis since it 
oirectly affects the ability to predict fan perforssnee during reverse mode 
operation. 

Figure 14 compares the flow-passing capability of the engine with that 
of the scale model. At a given pitch angle and speed, the engine fan pumped 
slightly less flow thaa the simulator, on the order of 5 percent, althcu^ 
this percentage is probably within the accuracy of the engine flow measurement 
in reverse-mode operation. The flow again is corrected by the atmospheric 
pressure at engine inlet, not the fan inlet pressure. The difference in true 
rotor inlet corrected flow thus would have been less than shown in Figure 14 
if flow induction losses were higher in the engine than in the simulator. 
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Overall Faa Pressure Ratio 











9.0 STSfEM OIgMICS 


. overall viferatieia respsase cheraetaries; lea of the QOSES im} easiae 
(fetid 2} ®sre f^ad to be sithia seesatsble lissits for nor®al easia® ooera- 
tioa. Fifeesa vibretioa seasors were used to eveloate the eagiae reapoae®. 

the syaehr<me«8 vibratioa levels for both the LP sssS HP rotor eetivitles 
«ere again vary low throughout the oper&tieg raages. Levels ear® still aee- 
erally less thaa 0.C02S4 esa (I ail) double eaplitude (M) iodicatiag well 
bfil©ac©i LF fisKi E? rotor 8ys£o®8* 

^ The £m S3fachros©^s vibratiofi levele ^re c^parable to the B«ild 1 coa- 
figarstloa levels. Ihe maximm stesdy-stste value observed for the various 
pickups on tee last day of testing at the Peebles Facility <7/21/78) are shown 
itt Table XVII. typical oae/rev faa syachroacm® vibratioa levels t?sre ®ore 

Uke these sho^ ia Table K¥IXI. 

Khile tee fan vibration levels for Build 2 testing war® generally low, 
the hipest levels were observed in Reveaber 1977 during fan blade pitch 
angle and fan nossle area escursiens. Ihese data si?e reported as follom: 

Test ; <^SEB OTH Cosposite Inlet 

Engine fe ; 507/001/2 

Test Bate ; 11/3/77 • 

Ezeursioas; Osange of fan blade pitch aagla fres -5* to -10' and change 
of fan nossle area froa 1.87 a* (2900 in.^) to 1.39 (2150 in.^). 

Data /jsalysis; An es^ination of the reduced vibration data included a 
gradual increase in vibration levels across the board for both of these 
excursions. The increase was ^re significant when the nossle area was 
reduced. A backoff was called tdien the nozzle area was 1.39 (2150 in.^) 

because of high slipring vibrations. 

Table XIX shows the fan synchronous vibration levels at nozzle area values 
of 1.87 (2900 in.-^) and 1.39 (glS) in.2). The sltpring radial vibration 

pic&ap indicated an increase from 10 to 21 mlls-DA. The blade angle for this 
excursion was -8* and the fan speed was 2976 rpa. 
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Tsble K?II. Fsai !©©^a©s foe 

Esgiss CB^M 2) ^CQi@e<2^t@es. 


Vlbest i©a Sessoe 

Faa Speed ixpa) 

Eespouse 

cm folia) M 

Cd^ 

2S5S 

0.0864 

<2.5) 

Faa Firese - F 

2558 

C.^1 

(3.6) 

Faa Ferae - H 

3100 

0.C^25 

(1.0) 

Bo. 1 Irg - F 

3104 

0.0064 

■■ 

(2.5) 

Bo. 1 Brg - 1 

3104 

0.1^7 

(3.8) 

2 leg - H 

1574 

0.0097 

(3.8) 

fo. 3 leg - 'F 1 

3104 

0.0043 

(1.7) 

fo. 5 Srg - V 

2815 

0.0381 

(3.2) 

5 Brg - H 

2625 

0.0356 

(2.2) 

fe^. C^ee M 

■ 3104 

0.0307 

(3.8) 

C^p* Stet©e • H 

2S0S 

0.0066 

(2.6) 

li&sust Coas 

2815 

0.0066 

(2.6) 

^c. Garbos - A 

3104 

0.0023 

(0.9) 

Acc. Gearbox • H 

2800 

0.0091 

(3.6) 

Digital Control 

2800 

0.0097 

(3.8) 


Test Bate: July 21, 197S 
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(BlltifarAccolfJomotIr? Vibration Response for QCSEE UTW Engine 


Vibration Sontor 
Kan Covl 


era 

1605 

(alls) "DA 

era 

1800 

(«Ua)"DA 

2505 

CO (raiia)-DA 

ran Spaed R 
2650 

cn (allB)^DA 

PM 

2815 

era (raUa)"DA 

2900 

cot (cilia )»nA 

3083 

O.OOOS 

0.0008 

<0.2) 

(0.3) 

0.0003 

0.0008 

(O.l) 

(0.3) 

0.0013 

0.0013 

(0.5) 

(0.5) 

0.0030 

0.0041 

(1.2) 

(1.6) 

0.0030 

0.0046 

(1.2) 

(1.6) 

0.0028 

0.0053 

(l.U 

(2.1) 

0,0013 

0.0033 

(0.5) 

(1.3) 

0.0003 

<0.0 

0.0003 

(O.t) 

0.0005 

(0.2) 

O.OOlO 

(0.4) 

0.0013 

(0.5) 

0.0Q13 

(0.5) 

0.0008 

(0.3) 

0.0020 

(0.6) 

0.0015 

(0.6) 

0.0005 

(0.2) 

0.0023 

<0.9) 

0.0058 

(2.3) 

0.0033 

(1.3) 

0.0023 

(0.9) 

0.0023 

<0.9) 

0.0023 

(0.9) 

0.0023 

(0.9) 

0.0023 

(0,9) 

0.0033 

(1.3) 

0.0035 

0.4) 

0.0033 

(1.3) 

0.0033 

0.3) 

0.0023 

(0.9) 

O.OOQd 

(0.3) 

0.0041 

(1.6) 

0.0051 

(2.0) 

0.0043 

(1.7) 

0.0013 

(0,5) 

0.0008 

(0.3) 

0.0005 

(0.2) 

O.OQIO 

(0,4) 

0.0023 

(0.») 

0.0028 

(l.U 

0.0028 

(l.U 

0.0018 

(0.7) 

0.0003 

(O.t) 

0.0003 

(O.l) 

0.0005 

(0.2) 

0.0030 

(1.2) 

0.0081 

(3.2) 

0.0053 

(2.U 

Q.CKU8 

(l.U 

0.0015 

(0.6) 

1 0.0028 

(I.U 

0.0013 

(0,5) 

0.0023 

(0,9) 

0.0023 

(0.9) 

0.0003 

(O.U 

0.0003 

(O.l) 

0.0023 

(0.9) 

0.0018 

(0.7) 

0.0033 

(1.3) 

0.0051 

(2.0) 

0.0070 

(2.«> 

0.0023 

(0.9) 

0.0013 

(0.5) 

0.0005 

(0.2) 

0.0003 

(O.l) 

0.0013 

(0.5) 

0.0036 

(1.4) 

0.0053 

(2.U 

0.0048 

(1.9) 

0.0025 

0.0) 

O.OOU 

(0.5) 

0.0015 

(0.6) 

0.0030 

0.2) 

0.0036 

(1.4) 

0.0065 

(2.t) 

0.0046 

(1.8) 

0.0025 

(1.0> 

0.0003 

(O.l) 

0.0003 

(O.U 

0.0003 

(O.U 

0.0003 

(O.U 

0.0003 

(0.1) 

0.0003 

(O.U 

0.0003 

(O.U 

0.0005 

(0.2) 

0.0008 

(0.3) 

0.0015 

(0.6) 

0.0048 

(1.9) 

0.0065 

(3.9) 

0.0068 

(2.7) 

0.0035 

0.4) 

0,0003 

(O.U 

0.0003 

(0.3) 

0.0009 

(0.3) 

o.oooa 

(0.3) 

0.0008 

(0,1) 

0.0005 

(0.2) 

0.0005 

(0.2) 


Pan Fraaa - V 
Pan Praoie .'^ H 
No. i 0rg - V 

No, I Brg - H 

No. 2 Brg • a 

No. 3 arg * V 

No. > ftrg - V 

No. 5 8rg •• H 

R«4. 0«ar • a 
Corap Stator • H 
Ktthauac Con« 

Acc CaarboK > A 
Aco Gaarbox » A 
DigUal Control 









aossle ®r@a ^3®^® ^“®® -5* sad -|G® 

-10 s£ a eag zm IZ. ® ®ss«^8isa fr® * 

ZL^I ®es3iei^s to a 

S L 1-* vibration le^ola i,*ff ® i.3§ J 



P7 



tor Tmn 


sle Area « 2900 is. 2) 
Speed 


Rescript i©§! 

Slip ligg 
Faa ?ert 

Hgitsl Control 
I BTg Vm^t 

1 Brg H©ris 
Slip Ris^ T®g 

2 Brg Hoxis 

, 3 Erg ¥ert 

; 3 Erg H©rig . ; ' ' 

■'V-.; ■ ■. ■■■ 

j Reduction Gear ?ert 

Reduction Gear Moris 
Ck^ Cane Aft Fiaisge Boriz 
Ho# 5 Brg ^ert 
Ho. 5 Brg Eoris 
Access# GeerlKJs “ Aslal 

Access. Gearbos>- ?ert 

Fsa Fraaae Boris 

Fan Co^l ■ .' 

Ctep Inlet - Vert 
Coeap Inlet — Koris 


B » -5* 
ca (laiis)-BA 

O.O^Q (13#0)~" 

0o0043 (1.7) 

0.0020 CO.S) 

0.0010 (0.4) 

0.0023 (0.9) 


0.0406 (i6.o; 
0.0056 (2.2) 
0.0043 (1.7) 
0.0015 ( 0 . 6 ) 
0.0025 (1.0) 


0.0033 

(1.3) 

0.003S 

(1.5) 

0.0025 

(1.0) 

0.0036 

(1.4) 

0.0020 

(0.8) 

0.0025 

(I.O) 

0.0036 

(1.4) 

O.Cm46 

(i.s) 

0.0076 

(3.0) 

0.0C^9 

(3.5) 

0.0051 

(2.0) 

0.0064 

(2.5) 

0.0036 

(1.4) 

0.017S 

(1.7) 

0.CC51 

(2.0) 

0.0071 

(2.8) 

0.0008 

(0.3) 

O.OOC^ 

(0.3) 

0.0020 

(0.8) 

0.0025 

(1.0) 

0.0036 

(1.4) 

O.OC^ 

(1.5) 

0.0038 

(1.5) 

0.0046 

(1.8) 

0.C036 

(1.4) 

0.004S 

(1.9) 

0.0038 

(1.5) 

0.0064 

(2.5) 

0.0025 

(i.O) 

0.0025 

(1.0) 




10.0 COMPOSITE FAH El.Ar<gg 


10.1 BLASE DESCRIPTION 

faa blades fabricated - k^k includes 18 c<SEt>osice 

bo.o», ti 

Ir'clttToT: SoSdSylftJ: bS?:<5oiI^ <i^.8e (FDD) and TclZ 

IB. persdtting rotation * 

ticn through both the flat-oitch aiirsSll4itcW-*^^% opera- 
casing radius and a soherio^l M=r ^ directions. A spherical 

tfarou^out the r£n»e of blad«* oitr^ ip provide close^blade tip clearances 

a dovetail to a rotor truanioa^at thriladrzo-^^'lif^f attached by 

ia the disk by ball bea-inos ItetSL! trunnions are retained 

the bisda in an axial Dc-ifin- .. ‘ stra.ps, attached to the trunnion, lo<± 

blade centrifugal loading. ** s'esiso trunnion opening deflections under 

proviS^rfalistirSnSlifr ^ ocaposite fan blade were established to 
provided in Referan''e 4 Resu^t'^of\^~ k Design details are 

the blades have satisfactory ^reinf 
require^nts of the engine are provided in 

on the dovetail. The blad^ .« ^ - ® piaciora, a jaetai oatsert 

str-^ityh,- i ^ ° ® “P ® cossposite airfoil end « 

straight bell-shaped coaposite dovetail wt~A • ^iiioxi and a 

8dse 4:* -s ^ ^ uss s r6cuc0d lesdlnc^ 

provide high tensile strength anJ 'ni^Striin-o-i-n ^ 

foirrejiororfhe SSe Se Siet"ed in^lhTzill 

sre interspersed throughout tL biade“ 5th the""o"?rS’‘bi;" 

with their fibers in the - I- “Sjority of ^hea being oriented 

49 piu. in ai ti; S:t? ni • °? 

fSl5^*e-° chordvise strength and stiffness to the blade'' 5lf5j!-~ 

with LIrt'Sief 5"" int^rspe^s^dV 

.-.t ^..es ,....ch »ct to nil out the enlarged dovetail cross Lctioc. 
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root, and consists of a honeycoab cove stabilLsrb ^ 

epoEy face sheets. The platform is ssolded^ard bondL“^^®^“‘* 
forming a one-piece structure. Structur^ f 

leading and trailing edge undercuts ^tend around the blade root 

foil overhangs. Thf platfo^ con t;.ct 

overall blade dimensions and conf igurat 4 sle lZn^'i^Vlr^ 

10-2 PRETEST PRSDICTIOKS 

diiaensional^anSe-eLmenrSysir^bl^e^b^^ determined from a three- 

testing. Figure 18 is a Lrof caLLSd single-blade spin 

the concave and convex blade faces and tel Steady-state stresses for 

relative radial stresses over the blade fof*^tHf f *’ calculated 

T^Je maps of relative radial strcao • first three vibratory modes, 

changes in stress locatW for thrd?fr" conditions shorthe 

t.« d«a 

tMC. •Pjjtao and QCSB blade 

Stress-range diagram (Figure 23) TT^ ^ ^ 

blade stress for various members ’of 
to initiate delaainat ion and cause loss^f\l2?f* 

gives the minimum strength of the cf5mnmsi^ «. The upper cisrve 

fatigue teafieg a* b? >?«'!•»«. 

on the Mteri.l oieimu-atfeDgS cui^ri^ K? ? WES based 

It includes allowance for thr»e standL?^rf hi^-cycle-fatigue test data, 

.tie., tbe Wt e„„e deSe1 the a^ttf tTL^ 

fatigue stress-Lnge 7u ®®®j.-®‘l®>^ "scope limits.” The 

a function of the blade mean stress The alternating stress as 

curve were selected as the Linro^thf ^ allowable stress levels for this 

where no loss in frequency ^uld occur after‘TooO 

allowance for three standard deviations of flexural cycles with 

sured strains in the blade radial (soan«J« .P’^opcrty variation. Mea- 

modulus of elasticity of 6.9 x 106 N/cm2 no ® naterial 

late all stresses and strengths 

for setting scope limits, gago monitoring^ and^* ® consistent basis 

various phases of blade testing Blade ”i stresses during the 

cion" was a primary considllalL t tt cycle varia- 

this is covered in Reference 4. e a e design. Detailed discussion of 

and plott^TL'Kf lorn «ere calculated 
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Figure I9« Calculated Blade Relative Radial St 


esses for First Flexural Modes 
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Alternating Stress 



Steady-Stata Mean Stress, ki;i. 



Steady-State Mean Stress, kN/cm^ 


Figure 23 . Allowable Stress-Range Bisswai - Blade Radial Strea^. 
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Alternating Stress, ksl 



10,3 BL^S INSTRUHSSTATION AND SCOPS LIMITS 

cated cc the blades J^show^in ^ 3^1 dyn^ic^straia gages lo- 

havinfc^aSuty^frgagei°‘'h^iM FrovLra"bala2rbet^aa 

life consideratioL? h^ing’ e^rfefS^ f 

find providing verification of th^ p. ^ <Jifferent vibratory cades, 

Eodes vere detenained by finite-cement a°1 vibratory 

blade strain gage locations were selected leboratory tests. The 

t ions would be responsive t« hi».? ected so that at least one of the loca- 
modes. «sponsive to blade vibration in each of the five lower blCe 

for each of the^wCbladrmCL**^*^^CCr calculated 

brate without initiating CXtw ifn ^ ® continuously vi- 

This point where thf fC^gC crfC «-iCh bllde. 

"critical location” and if differe-t for ef ‘e** is referred to as the 

composite blades, the fatisr,,o f=ii- ®sch vi 'atorv mode. In the QCSEE 

which would result in a drop in blade natfC°*^f*^ delasination 

fatigue crack observed in m^tal blades. -requeacy rather than the usual 

the Steady-State and viblatory stfessC^fifcCtr\?!?^^^^ ^ispend upon both 
pattern increases roughly with the blade steady-stats stress 

would be calculated as a^function of^an iisits normally 

steady-state stresses antSpftfd Lr the 

fatigue strength is insensitLe to -he le.,=r^ blade, the ccsposite material 
constant). The scope limits therefore t steady-state stress Ci.e., is 
speed over the operating range of this en^ne!* mdepandent of fan 

sdjusSbl^p^frL'risChfrSf^C"*-^ calculating scope limits for an 
tion of the blade pitch angle ThiCis ®^*’sss pattern is also a func- 

and the twisting moment generated bv aerodynamic blade loading 

angle dependent rnc effCt C o. " centrifugal field are pitch- 

pattern is not insignificant for 'a <^an 

approximately 180\ Technically, correct bl-affc? Pifch-aagle range of 
require the calculating of a caroet-of ^ normally would 

pitch angle. Again, it ^nd 

composite-blade fatigue limit is 'i-=^enpnL ^ approach since the 

terns. The fatigue limit diaer-m ncaf steady-state stress pat- 

minus three standard deviations^which 

properties. epresen^s the mxnxmum expected material 

location available, aiJd^the^^vibrftf^ st-ess^°^-t"^ stress at this 

for a particular airfoil ^cope limit 

equation:. ^ ®®iculated using the following 
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Scope Lisait = j(o gage /g critical potn^'> ae 

K1K2K3 


t^ere 


blade in tbis^vibr^ory‘^SrL'SteraL*'d\‘'*^^h^ 

diagrm for the blade Material! ^he fatigue lia,it 


4«ge 


^critical point 


^2 


^3 


strain gage to^thr^ibr2o-rir* location of the 

on the blade for the^^IJS^Lr-d" blinTcotttrid!^^- 

ics circuit (l!o5K°" ^°' “ =l>« strcin gage electron- 

cba^es “ “oS'cS^rauch^i'igh.'b* ““i'cting gage to slight 
turrcg tolaraoco. O^i co Sf^gSa'SL^1t?o”/:t^di, . 

S3js” i ra‘S°tT='-r* » -“‘“b- 

QC^Eg iL'm of tbo icopc li,ft 8,SItira“V“ 

QCwSB fan blades are listed in Table XXI. ^ for the 

10*4 ‘TEST RESULTS 

Hie QGSEE OlV engine 507— fim /“> 

S^?ff4“S^to^^!-fa^‘rad 

ssLr 

standard belliaouth and'^th°°high^tLo^^'^M*^ during forward thrust operation the 
Hsch number inlet was also used for revest th“^:j ipe^tion"!" 

picg '%"n?1"crt\2'1SLtX^ pcrforcacoo cap- 

nes it«n noz^.le areas of 14,800 cm2 
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(2300 in.2), 16,100 cm^ (2500 in. 2), and 18,700 cm^ (2900 in. 2) for the 
bellsouch inlet and 13,500 cm^ (2100 in.2), 16,100 cas2 (2500 in.2), 

18,700 ca (2900 in. ), for the hybrid inlet] at five speeds (65, 80, 90, 

95, and 97 percent) with variations in blade pitch angles from -7* open to 
♦9 closed for the bellmouth inlet and from -10* open to <-9* closed for 
the hybrid inlet. Reverse thrust operation wai performed with fixed pitch: 
the blade pitch angle was set at -95* or -100* open. A sketch of the blade 
position geoBStry is shown in Figure 25. 

^e predicted Campbell diagram for the DTW fan blade assembled in the 
trunnion and disk was determined from single blade whirligig spin tests. This 
18 presented in Figure 26, along with the frequencies observed during engine 
tests and the laboratory bench test frequencies (blade only). Blade vibratory 
overstress condition did occur below the fan idle speed at the 3/rev and 4/rev 
flexure crossovers, ^ese conditions, however, do not present a problem 
from the blade mechanical standpoint in view of the rapid rate of acceleration 
and deceleration through these points. 

2lie flexural frequency at the 2/rev crossover occurs above flight idle 
spe^ and below the normal operating speed for takeoff, climb, and maximua- 
c^^ise flight conditions. Therefore, the 2/rev crossover was considered a 
transient point in the speed range not subject to continuous steady-state 
Blade excitation stresses at the 2/rev crossover were monitored 
carefully throughout engine testing. 

Fan blade vibratory response throughout the engine tests ooiisisted pri- 
marily of integral order resonances such as 2/rev, 3/rev, 6/rev, and 9/rev. 

The primary vibratory response was the first flexure 2/rev forced excitation. 
The second flexure and first torsional natural frequencies were essentiallv 
nonexistent, ^ove the 2/rev crossover speed range, the fan blade exhibited 
very low response in the first flexural mode. 

The blades were free from self-excitation vibration at all conditions 
tested, although stall mapping was not performed with this engine. 

Whenever testing was done with the slipring installed, blade vibratory 
stresses were continuously recorded on a 28 channel FM magnetic tape re- 
corder and monitored on individual scopes. One of these gages was always dis- 
played and monitored on a Schlumberger frequency spectrum analyzer. At the 
conclusion of the engine tests, six of the original 13 gages were still 
functional. 


10.4.1 Forward Thrust Vibratory Response 

During the initial part of the test, the engine had a bellasuth inlet in- 
stalled. Subsequently, the bellmouth was replaced with the high throat Ksch 
number inlet, and the acoustic splitter was installed in the fan exit duct. 
Povward thrust testing included performance mapping typically along three 
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Fan Speed, rpm 


Figure 26. QCSES UTW Campbell Diagram, 




operating lines (fen nossle areas of 14,800 cm2 (2300 in 2) ,c ,qo 

tec and iroa 10 to *9 closed for the high throat Hach number inlet. 

sco^^i^^c' “ abouJIfr^erSnt of 

the 2/rev crossover. accelerating and decelerating through 

5 ®^* Also, for either inlet, blade vibratory stressesin- 

creased slightly as the blade pitch was changed from closed to open near 

JecreS^witf ScreaSrr’ ^ two. and they ’tended to 

inlet confion- f- • A ^ spaed. However, for the high throat Mach ausber 
in^2i during a moderate accel/decel with a 13,500 cm2 (21G0 

cr^a eHith S"rea^'£"f the blade stress levelfde- 

!«r J ^ ^ “ ®P®®*** a 18,700 cm2 (2900 in.2) aozsie 

area, the blade stresses increased with increasing fan speed. 

than the aforementioned forced resonance condition, all overstreas 
conditions on the fan blades were due to high winds/inlet distortion 

caused blade vibratory stresses to exceed the current 
vibratot-v*^rA^*^^^ reaching as high as 200 percent of limits. The blade 
almoaJ responses are extremely sensitive ;o wind conditions. In general 
almost any tailwind or crosswind, at any ensine soeed ia ran=K’<. " Senerai, 

» condition. B.v.ver, the M.dS .ibrSo^^ 

^ ^ctioned earlier for the QCSEE composite blades, the fatigue failure 
^suirin a d4n r^tTf de laminae ion of the blade filament plies which would 
faJicL V • frequency rather than the usual metal blade 

tesHn! V frequencies versus speed were monitored during all phases of 
testing for the instrumented blades, and zero-speed (bench) frequen^^ ve-f 

detectable change in either the static f^eouenev on anv c 

at speed during test on any of the instrumented blades! If some slighr?n!'“'^ 
te^al damage (delamination) had occurred from overstreas con^tions^ t would 
taK.e approximately 1.000,000 cycles (3.5 hours) at 21 kN/cm2 (30 Si) 1>1 
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propagate the delaaination to the point of losing 1.5 percent in the first 
flexure natural frequency. Even at this noint rha Kie/4 u v 
ally sound. During single-blade whirli»4 ITi’r. structur- 

5 percent was considered rn Ka ^ ^ -i testing, a drop in frequency of 

tuSnrso^ fSrf™ the blade was still stme- 

tuiSiiy sound froa a centrifugal load standpoint. 


10.4.2 


Reverse Thrust Vibratory Response 


,Tr,Jlu\Tt «r».ch..ic.I cov.„s, c»S.c- 

SfriS^L^ti fee<^sies tL''leading'edge''and^the^ 

Throughout the above sLeS ra^ee thJ hlT stresses. 

Tyllel -ope limits frc^ IS^trStlirp'roerfor a“lew 

the lelst operbLdT^sition LT^vJSf thrJ^“'t1e’1an ^d"^ 

close to stall - hence the highly siadulated sK.’ operating 

erratS!^;L;L^^?r^:i1 17HP 

tMs test (during the accels), L wind clw 

being oaSed by the high^SFV ^ negligible, but they were probably 

fLT- -- -iLg-- 

=ef ®coustic%plittrtr U wTe^^SjJ- 

rnr af ® considerable amount of SFV altho.,^- 

were withiriiraLS ^5* blade ’stresses’** 

Sn; modulation appzoaAei th^lf IJe -95*\*est 'Lt 
levels remained below 200 percent of scon<* Umi^ n‘! . 

varied from 4 to 8 moh at 250® to 2^50^ - this test, the wind 

o. bUC. stresses, thi/ve L L-thfs";: 
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were basically two factors which produced aeroaechanical concerns 
on this fan: the first flex response forced by 2/rev (crossover) as previously 

rationed and resolved fay maintaining a rapid acceleration rate throu^ the 
2100 to 2400 rpa speed range, and the sensitivity of the blades to inlet 
distortion caused fay wind conditions. 

velocity and direction relative to the inlet seem to be the major 
contributors to overstress conditions observed on the fan blades. Limited 
data precludes conclusive vibratory stress response correlation with wind 
speed and direction, particularly for winds from the west and southwest 
(engine inlet centerline was at 190* from the north). As previously 
mentioned, any appreciable tailwind or crosswind may result in a fan 
blade overstress condition. 

Utilizing the available data, blade stress wind liiait envelopes can be 
constructed for different engine speeds. Figures 28, 29, 30, and 31 depict 
envelopes for idle, 80, 90, and 95 to 97 percent speeds, r spectively. 

The lack of wind data frosi the south, southicest, and west can be seen on 
the envelopes for idle and 90 percent speed (Figures 28 and 30). In addition. 
If all the above wind envelopes are superposed, the blade stress wind envelope 
for any engine speed (Figure 32) is obtained. This composite plot can be 
used as a limit curve when operating the engine in forward thrust without 
stress EK>nitoring. 


For reverse thrust, the fan was close to stall with a fixed pitch 
blade angle of ^95® open, and very liisited wind/stress data was obtained 
with the blade ^ set at ~1G0® open, ^wever, if the data is enveloped, the 
blade stress wind limit envelope for reverse thrust shown in Figure 33 results 


10.5 COHCLUSIONS 

10.5.1 Forward Thrust 

• At constant fan speed, variations in nozzle area had no significant 
effect on blade vibratory stresses. 

• At constant fan speed, blade vibratory stresses increased slightly 
as the blade pitch was changed from closed to open in the 0® to -5® 
range. 

® With either the belliziouth or the hi^ throat Kach nuisber inlet, 
blaoe stress levels tended to decrease with increasing fan speed. 

© With the high ttooat Mach nusiber inlet during a moderate accel/decel 
and a 13,500 ccs2 (2100 In.^) nozzle area, the blade stresses decreased 
with increasing fan speed; but with an 18,700 cs2 (2900 in.^) nozzle 
area, the blade stresses increased slightly with increasing fan speed* 


112 

















0 - Angle fffom North, degrees 


Figure 31. QCSEE imv Wind Effects on Blade Stresses 

















® Tailwinds (possibly with soase reingeetioa or inlet lip seoarationl 
sees to be the worst wind coadition. ^ separation) 

10 » 5.2 Reverse Thrust 
X 0 * 5 « 3 GsgsstsX 

® iSits^nr— criteria/scope 

Imits. and it is oaiikely that any blade dasage has eccurrer thns 

fSer^or SSiIdl\£ f^^nildl ff®S^ ^^ver oecorred 


XO.5.4 Eecg^^^sdafc ioag 

. The bl»i, .tre.se. should be uouitored duriu* further e.si« tests. 

' 2lru^?S» “5'“* »' <>»“ “ “8l.« 

Sr engKe‘.“et;.““‘°”^ hoh.etv.t i.e . should be ..lot.iued 
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11.0 HAIH REDUCTIOH GEAR 


The UTW engine has a star-type epicyclic reduction gearset located in the 
forward engine sump to reduce the low-pressure turbine speed to fan rotor 
speed. The gearset is shown scheiaatically in Figure 34. The gearset consists 
of a flexibly mounted sun gear, ^^ich drives six star gears, which are mounted 
on a fixed carrier and which drive a ring gear. The ring gear is flexibly 
mounted to the fan shaft. Principle design characteristics of the gears are 
listed in Table SSII. 

During testing of the UTSs? engine, the main reduction gear operated with- 
out problems. As in previous testing, ring gear strain gages indicated vi- 
bratory stress well within allowable limits. Maximum bearing temperature did 
not exceed the 403 K (265* F) limit. Engine heat rejection data reported in 
Sectioa 12.0 of this report, was 31.16 x 10^ J/sec (17,708 Btu/sec) at takeoff 
speed. Althou^ the contribution of the main reduction gear to the total heat 
rejection cannot be accurately determined, the gear efficiency appeared to be 1 
to 2 percent below the design objective value of 99.2 percent. 

The engine was not disassembled at the conclusion of testing however, the 
variable pitch isechanism was ressoved on March 11, 1978 and the main reduction 
gear was exposed. The gear tooth patterns indicated normal uniform across 
the tooth faces. Total engine running tisae on the gear at that time was 
106:13 hours. 
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Tibbie XXII, imi Reduction Gesr Design Deteils. 

{Takeoff, 306 K (90® F) Day] 

(100% Pci?er, 100% Speed) 


Gear Ratio 
Turbine Po^er 
Turbine Speed 
Gear Pitch Line Velocity 
Star Gear Speed 
Bearing Load 
Huisber of Stars 
Kutaber of Gear Teeth 
Sun Gear 
Star Gear 
Ring Gear 


2.465 

9889 kw (13,256 bp) 

7747 rpia 

97*1 a/sec (19,117 ft/rsin) 
10,577 rpa 
33,925 H (7627 ib> 

6 

71 

52 

175 

Yes 


Hunting 

Konfsctoring 


Yes 



12 . 0 LUBRICATIOH MD ACCESSORY DRIVE SYSTEM 


12.1 SYSTEM SBSCRIPTIOH 

turlx^chi^rr^^Sa'^shirr* bearings to support the rotetiog 

tatbiae a«d poaar rttfi 

shaft are soft ro,.^wT« fu fan and low pressure turbine 

u£ S tS 1h! ,T‘"! S~r to oiomioo iodoeJ 

t»p provide, preei,, co»tro"%f1b“‘:Ljr:S:^ SJ^'cSrScS™"' 

t.rbi2'’““Ir“ “e°J:f“;tLrS,d''S J«vf”: If, T"”” 

reac^the'fS^af^lL^^^t^ a result, the 2 thrust b^rinTEmS^^^* 
SS tt. f2 if t ''“'’“■t «, o,g„i„, fo™,,? thn..t 

s it: d'SjoKn£ fbfiirS - 

0,1 ssrdiLois,''“ fifs s-™j 

PIOl bLl goar.ft LSilf L Sfbi rrhll^oTL SvSf 

bined wuh a short radial shaft and a second beuet geLsft iLatS L 1*"'^ 

cowl area to drive a vane-*-,n*: ge^set located la the core 

and aft su^ps. Sis pS 'aloua^tff 

top-Eounted accessory gSrbox.’^ remotely counted pump, scavenges the 

noloJ'^tnL^'ngl^^rcSStSg oil's^^er tteSal f tech- 

12.2 IHSTHUKEKTATIOM 

..fo ^r.S S: IX™ - — e 


o Th, outer r,c- toopsrature o£ o,ch asio shaft boa-ir,. v, 

in two plsc6s* 


■g was ssesstsred 
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® The suBsp pressures and the carbon seal AP were measured for each 
issio shaft seal 

© Temperature in the aft sump cavity was ES^asured. 

© The pressure and temperature were measured in the balance piston 
pressurization and exhaust cavities. 

© The inner race temperature of each star gear bearing was measured. 

© The lube pressure in the manifold supplying oil to the reduction 
gearing was measured. 

e The lube supply and scavenge pump discharge pressures were measOTed. 
© AP across the supply filter was measured. 

The lube system package was instrumented to measure the following parss^ters: 

© Oil reservoir lube level 
© Oil reservoir internal pressure 
e ' Scavenge filter ^ 

© Scavenge discharge temperature 
m - ' ^ 

© : Esat exchanger AT on oil side 

© Heat exchanger water flew and AT on water side 

12.3 TEST £g?ERI£NCS 

The smsp and the accessory system, with the exception of a radial shaft 
failure, per forced well throughout the test phase of the second build of the 
QCSEE UTW engine. 

12.3.1 Main Shaft Bearings 

The test limits of 450* C (350* F) were not exceeded during any of the 
testing. Figures 35 through 37 show representative temperature data for these 
bearings as a function of engine speed. 


124 









Teat 







Lufee Suppl y and Scavenge Svsts;^ 


The lube supply and scavenge pressurei? jsa « r - 
Sho^ in Figures 38 and 39. Tbese pressures are ®P«®d are 

data. The supply svstea pressures in Build ? « c^pared to the first build 
reasons: ® 2 vere higher than Build 1 for two 

a Susap pressures were higher because 

network. -squires « hi^er pressure to flow the ssae 

The scavenge pressure ®as higher than ntfiiA s 
st^re «rop the tro heat used ve^mns: higher pres- 

scavenge pressure levels were si^lar to in Build 2. The 

heet eKchangers. OB? engine ^’bich also used 


3 i 


12* 3 .3 Heat Rejection 

For the second build of th#» rrrw « • 

Eonnted in series were used. This is *-be 1^2500 heat ezchaagars 

ejjgine. Table SXII2 shows a cospar iso^of S the QCS2E OW 

rejection for the QCSEE UT5i| engine An second build heat 

heat exchangers as a function of fan spf^d rejected to the 


^2.3.4 Accessory Drive Systt^ 


The second build of tb<* ^ 

(AGB) oodified to the sate co^fiitaticrfhirt “ ““dsorj gostboi 
->dit-e.tioo inclode. the fo??o3Sg“ “ ">= •«8i»0. The 

* A remote scavenge pump was used ea-ve^-a^ a- ^ ^ 

bottom of the gearbox. wi.... scotve.tged oirectly from the 

* Windage shrouds were added to the vertical « d, 

forward side of the horizontal bevel gear! 

* SrUcrrjarL-Jll In tt ^ 

venting of the gearbox!' ^ ‘'■®«sir.g to improve the internal 

oil tem^rature exceed !he scavenge 

ity Oi. ;,estijig, it below 400^ C (260“ F) :^jor- 
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a./ 


a. 9 

Fan Speed s 10*"3, rpa 


3 ,< 


Figure AO. Engine Heat Rejection Versus Fan 






12 « 3 • ^ « 1 Rgdisl Sh^££ Fsil^srg 

On Kovesber 3, 1977. the engine susteined a in e}.^ . - 

snafc connecting the PXO gearboi: «ith the accessor; 

face, of chVLth b« epUoe «ar oo the 

eluded that thp <shafs“ vs • ^ ths tooth esds. It %?as cou— 

tooth, progressed axially about 5?08^ (0^20 ^ spline 

.pUao, .04 cho. circ„^;„acuuf ar^^°t“ fS’l 

for a Staining J™® ® to sllo^ 

Eesoving th«se tL,*h sec^s a pressee-ia plug tn the ead of t&© shaft. 
Ess^^ th se teeth ^S3 the adjacent teeth to carry sore load in a^- 
aligned condition. Dis^nsional check^a 7Z^ ^ ® 

.ho». .. C„, cocKe. ccucf.‘c:"r^“f Sfcf 

area of the spline°tooth ***^^'^ «Ed also increases the stresses in the 

The following was done to reduce the spline tooth loading: 

* 2^hT:r^f%1hf — s 

incidefee! nidified shaft, testing was cc;spleted without 
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Figure 41 . Sadial Drive Shaft Failure. 


qs FOOK 
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13.0 FAH FRSKS 


tS' S. 1 = *r.phiee/.p,x, which i„.,r- 

. (37.5 inche.) 1„ length, hhd 4'(eM 

including the engine mmmts. ^ ^ eagiae ass^sMy not 

area as shown in Figure 42 located in the engine sount 

bypass vanes as shoL in Figu« 4^ ®® 

durinfengiL'^opefafion^ This”*«af “y significant response 

quite low compared to the five blad^«^ ? operating loads are 

designed. The highest SresI oLf^iri ® structure uas 

the ultiaate strength of the csateHal^ ^ percent of 

the engine monitor scopes. Stresses that Ic^ cannot he detected on 

..« ic.ieL"ihc„ « 

SsH :r!5-f “V2 

i'Huv: LIK 

Wrc"!'SesVfrr2i‘t* 

single vane. It'is^p?2Lly'tiilr*the'2tnsl't2*E-'’*r^ f° “®'“3 “( “ 

«hat less than it vas for the bftJ L f 

Devcon (a filled epoxy). The ben/sn t- ®?eeiaan which had its ends cast in 
with the natural frequency data obtainL shown in Figure 44 along 

expected values sho^ ^Jigur: 44 w«f ana 

"closed-2" bench test data ^ StrltZl ■ extrapolated from the 

passed through these freoaencies buS nevirr the fan speed 

strength capSility. exceeoed 4 percent of the ultimate 

on lW/77"“("f M rcSl%"l^lVti '7»7 »•» 

was shutdown due Co a severed redial drive sh2t "*Si2e’-2\™ 
shaft occurred at the too end n==,. s-h.. „ '-he break la the 

was .iiow. to orhitMt^rL-'o"^ fo'S d°V he"“ 

Ihis orbiting punctured holes hr^^h / tne pyion ai.ioii panels. 

In adiJition to the panel damage', an'anbind al8roccurred^s«°f^/^J??f 
that wrap arouna the pylon vane/casing interface. The re;ai; ^af ^^dTby 
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Back ot Aft Wheel Splitter Bing - Mount Area 
Gagoa or© Symmetrical About Vertical Centerline 

?s" L”"*" ” *“ ~«*c. ™ <on..« „ 


Figure 42. Strain Cage locatSona for TO Fan Frame, Mount area. 
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griadi^ away the dsaged "boot" and ®!?ln -i-.t • ^ 

CQ (w inches) dasaged region and t\s.^ ^ 5 ca (2 inches) by 7.6 

panel.^ After the patch «as cured, a LrsSfiS 

over the patched region. After cnri^ fa^rtog "boot" was bonded 

Sro^d to fo^ a smooth blend -- 

Dow Coming DC 94-009 fluo?o 3 ilie«»S^^J! cc^neate were sealed with either 

betiuss-ieak checked^ md^*^ edhesire. After this 
aft cavzty of the 2 o'clock core stmt ^ ? stssp leak uas detected la the 

tnea F^ane 9210 adheaim was pLr^l^o^LT'-f ^nd 

effective since the oil consua^ioa dressed cavity. This repair proved 
quart per hour for the resjaiSJ^'SsSSr** to approximately one 

^ttion of Se”SiLr3rSiI*panel^l^°r®a °* ®®®tne manias. A 

®PP^o^i^tely S.1 ^"(1-1% iS>® 

for eppreximately°th^'^Stirf 52^‘^^Dsis^®® T*"® off'the^Si''^'^® 

ingestion. The repair was acce®pi«s''ed*b^ indicated FDD 

and then grinding the entire vane pas3 fairing "boot" 

A new concave bypass vane f ' P^^®® were retted. 

^ a new outer feiring ^^® panel 

^1 ^3 bonded over the innsrti^ of tte ^ ^Sirolar 

bonding was psrfojsed with Furaa« 0210 ^ fairing "boot" 

repairs had as aeoi^ttc holes, the 10 f©2“" 

o-©a wss pevi^neatly plugged Tv» isoa> by 25 ^ {2® iaeh) 

leading eds^es o? «ti Lf 7*7 ™ pyevaac any further a.,«ustie 

The repair requir3^3r33eri5°IT(6^i3h)^b ^ siaute of running. 

**®^®*^ onto the foriarS^?L f fiberglfss/ 

tered^duJ3T2gi3 3333^^1^3^3^333^"'^ 

than predicted and caused L preSi^s lemral soassvhae lower 

the fraae during engine ooera3on*but‘thefiI®3^ <3aiasged areas were found in 
Df^ge sustained from forkgn obje3 i3!3,- ® on the test stand. 

Oil leakage from the frase, which had hf! '"v® easily repairable 

was effectively sealed by ^oSSg 33 c^i^farf'®" ^ tes3Lg:'"“ 

oil consusaptxon was reported during f-he ®ceas with Purace adhesive. Ko 

•e. -i.c £j.aai test runs. 
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14.0 COHPOSITE NACELLE 


Figure 45 shovs the nacelle components installed oa the UTW engine on 
the test stand. 


14.1 INLET 

The composite inlet is a honeycomb sandwich structure with Kevlar 49/ 
epoxy face sheets and almzimm core. Mounting to the fan frame is provided 
by means of quick disconnect rotary latches. The overall length is 184.07 cm 
(72.47 inches) arid the outside diameter is 200.15 cm (78.8 inches). A cross 
section through the inlet is shown in Figure 46. 

Instrumentation consisted of 40 wall static pressure pickups* pressure 
indicators for the digital control, plus provisions for mounting a pitot 
static pickup, an inlet temperature sensor, six inlet/distortion rakes, a 
boundary layer rake, a cobra traversing probe, and four wall Kulites. 
Supporting provisions were also made for the slip ring strut. As static 
testing inlet loadings are very low, no strain gages were installed - 

l^ea the inlet was first mounted on the fan frame, it was discovered 
that the inner flowpath at the fan fra?se interface was under sixe by approx— 
imately 0.635 cm (0.25 inch) on the radius. This was corrected by filling 
the last 15.24 cm (6,0 inches) of the inlet honeyc<^b with sicrcballoon 
filled epoxy, machining a straight taper from the existing contour to the 
correct exit diameter, and covering this repair with a 4 ply, I8I figerglass/ 
eposy lamination. This resulted in the loss of approximately 0.84 square 
meters (9 square feet) of acoustical suppression area. 

It was also discovered that there were some unbonded areas in the inner 
panel axial splice joints. These were repaired by injecting room temperature 
curine EA 901/Bl epoxy adhesive into the bondline. No further problems were 
encountered with the inlet during testing and posttest inspection did not 
uncover any indications of damage or delamination. 


14.2 C0.1S COWL 

The core cowl consists of two semicircular honeycomb sandwich doors made 
of fiberglass/polyimide cores faced with T300 graphite/poiyimide (PHR) skins. 
The cowl is 181.83 cm (71.59 inches) long and the inaxitsisi outside diameter 
is 112.42 cm (44.26 inches). Instrumentation consisted of four static wall 
taps, 16 inner skin surface thermocouples, and 12 core cowl cavity air thermo- 
couples. To assure that no overheating of the cowl would occur during static 
engine testing, n stainless steel foil covered Min-K insu ation blanket was 
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Figure 45. Nacelle Components Installed on the UTW Engine. 
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incorporated over the last 82 ca ( 32.3 inche*l «f ^K- i , 

this blanket being held approximately 0 . 63 ^^ d 2 ^irchfolf"“s®“‘'?‘'®’ 
face by standoff blocks. In addition to i 0 - 2 > inch) off the ski., stir- 

directed betveen the blanket anft^rcowl iL^f Jt! 

The cooling system operated satisfactorily w^th the engine testing, 

ature readina 232 2* c fa*:*!® p% maximua recordeo teaper- 

tion 

atait^a - io»er wall of the core cowl with the insulation blanket in- 
stallea is shown in Figure 47 . oi-c^uKez in 


14.3 FAa EXHAUST DSCT ODTSR COWL 

5 ““ ~ ;si.“k:. 

■epoOT fai-inss covered by streamlined fiberglass/ 

ut*'48 S^r. '’‘S- 

faoa duct outer cowl instrumentation consisted of 12 ian<=r flow sur- 

(2000 p.i, versa, rhe .nSu‘ir 5 u?!ri.r’(r 5 !lorr.l)!“ 

During the engine installation, a larj^e facil^tv fuel f,>i-,*..r. • r. 

of the skin approximately 3 .S cm ( 1.5 inch) by %.6 cm'*( 3^0 

usfnf ^ replaced with three plies of 181 fiLrglasr"^’ 

t Sng^p^ri^d! 

sisting of an area approximately 6 A cl 7,1 1 1 1 

located about 25.4 cm (10 inch-s) fro- inches) and 

the lower actuator cav V 1 ^ <2 inches) above 



ther damage or delaminations wereluff^erdu:!;! 
either in the repaired area or the res^lf th; cL£. " 
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Figure 48. Outer Cowl Cross Section. 
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Figure 49* 


Core Cowl Before Installation on Test Stand 





FA?; EXHAUST m?7i v 

The fan exhaust nosaie con«i«!rc c 

capable of providing various areas for foreIr-?**fK^ scdsilating variable flaps 
outwards to provide increased are^ (ol foJTrn 

in the reverse node of operation Each fl ^ variable-pitch fan 

axial length frca its hi^e centerlSe^o it inches) in 
are 83.7* wide and the l^er fJaps a“ ^ V 

the aft ring of the fan duct by leans 0^1110 attached to 

hinges 30.5 ca (12 inches) apart a»- the fi having a pair of 

ward closeout. The flaps are connected 

fan cowl by links and link clevises ? '=*»« outer 

ure 50 shows the noaale schelaSili Iff hinge. Fig- 

flap are seal asseablies which were designed tn axial edges of each 

noszle area of 1.678 m2 (2600 in.sj. sealing up to a 

flap position, the seals disengaged Fie^>r» if full-reverse 

seal positions at various nozzle op^ningf xle S®*"® installation and 
al«BinuB honeycc^fa construction wiS ® <^®Pth 

graphite/epoxy inner skins. ^ poxy outer skins and perforated 

®train'*‘g^g:sr^fL\t"^LVKsefrLl®^^^ ^ap were^ instrumented with 
sure taps and accelerometer installed. " * %namic and static pres- 

ward It leleiS\ISst®teSin|!^‘*pSjL5t\f“ 

age or delaainatioas. Highest ob^erveri * l ®“y 

(5000 psi) versus an allowable of“'2S9.i S 

During installation and checkout nf ^^T.a m ^ 
estxng It ^£s noted that the fan nosgle acoustic 

out of phase vith those on the right-hand door ^*ere 

(0.25 inch) i. th. «0ial dirJctiS f O.M „ 

o« the left-hand door ver oorecj“;io^ rZ? f ““htlcn syete. 

ing that the actuator stops were incor^ecM! actuator stroke indicat- 

stops would have entailed removal of the the actuator 

resetting of the stops on the bench with itTltZL T and 

testing time. As the flaps could h» ®‘^‘^®”‘*®«t several days loss of 

nozzle area was affected, and as no reverff^th*° that only the reverse thrust 
the flaps were rerigged to the required fotv^TllJVr^ planned, 

stops were left as is. It was also ^ ®'"®®® actuator 

tion, that the upper left-hand flap to wHich**fh”^s nozzle calibra- 
attached, oscillated in a slow conrir, * the feedoack actuator is 
increasing as the actuation system’ pressufe^'Jls ''^•® ^“O'lnt of excursion 
plain the variations in nozzle area SJervL I lliis would ex- 

«’ere encountered dur ing th""L;rt\sif;i"Lsi:'“" 
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Figure 50. Flare Kozzle Flap Scheaatic. 






15.0 DIGITAL CO^EOL SYST05 


15.1 COOTROL SYSXEH DESCRIPTION AND TEST SUMMARY 

Buildup No. 2 of the ITTW engine included a systea ^ich controlled four 
engine variables: fuel flo«, compressor variable stator position, fan pitch 

angle, end fan nosale area. Figure 52 is a schessatic of this system. 

Ihe key QCSES control system ele^sts are an engine-mounted digital 
electronic control, designed specifically for the QCSEE, and a Edified FIOl 
hydrosechaaical control. The digital control provides primary control of 
fuel flow by controlling an electrohydraulic servovalve ^ich serves as the 
primary input to the fuel ssetering section of the hydrc^chatiical control. 

The fuel-operated servcmechanisms in the hydromechaaical control serve pri- 
marily as back-up controlling elements and limits, although they are the 
primary controlling elements for the cosspressor variable stator actuators. 

The hydromechanicai control is mounted on an F101 fuel pump ^ich is a 
centrifugally boosted, positive displacement, vase pump. Pump discharge flow 
is delivered to the control through the punting interface and the control 
returns excess fuel to the vane element inlet through a similar channel. 

The fuel syst® includes an eductor to evacuate interstage seal cavities 
wth fue 1 -hand ling components and thus reduce the ^asibility of external 
fuel leakage. 

Fan pitch angle and fan exhaust scssle area are both controlled solely 
by the digital electronic control which furnishes electrical signals to elec- 
trohydrsulic servovalves in the servovalve asscs^bly. Hiese servovalves di- 
rected hydraulic fluid to the hydraulic motor which positions the fan pitch 
mechanissa and to the six hydraulic rams which position the variable fan ex- 
haust noazle in response to the signals from the digital control. 

The hydraulic system which supplies the pitch and nozzle servovalve 
assembly consists of an engine-driven, variable dlsplaceaent , constant pres- 
sure piston pump, a filter, and the servovalves. The system is essentially 
a closed circuit with only a small fluid interchange with the engine ) ibri- 
cation system for cooling and to transiently account for differential actu- 
ation areas. 

In order to achieve operational flexibility, the input commands to the 
digital electronic control are introduced through the control roots elements 
shown on Figure 53. The interconnect unit, operator panel, end engineering 
panel are actually peripheral elements of the digital control. Tney provide 
the means for the engine operators to introduce ccssands, switch between 
available operating modes, adjust various control constants, and monitor con- 
trol and engine data. The transmission of data in both directions between 
the control room and the digital control is done by ssean® of multiplexed 
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Figure 53. Control Room Elements of QCSEE Digital Control. 


To Engine 
Digital 
Computer 





digits! electronic signals Th^<a 

(900 feec) long in efel qcsbe Sstaflaeion^in 274 ®8£ers 

-tetion in vhe Peebles Ecs£ facility. 

In addition to digital coassand*- fr<v» - .. . 

receives a a-echanicai input in the fora oi l 
•tcted to the hydronoehaniost control Thi^ 

.p ~ .no opcrntc. . po,ui:rL.^r:ir::.:: t: 

operation, a 

istics, an autssatic sode providing Bfippiag of engine character- 

end several partially autoLtic mSer^fJf variables, 

approach to fully sut<^atic operation. A ^ continuous and orderly 

in the manual control ssode but satisfactorv engine testing ©as dona 

data liere acct^alted in the autosatie ^ ope^retion vss desonstreted end 
^tic inlet Kach nuisber control mode -n* control mode, the auto- 

These are discussed below along with’othL^^* eutesatic control ^e. 

ttoa during testing. ® control syst® opera- 

COHfROL BgRIKS SMOXm fSTAo-ps 


O 

A typical start i«- ....'►v' I'*" »icnouc stall < 

indicate, fan pitch irelosed* ^ traces' 

tsQtxi the core-engine-driven cantirni'^ siossie is opess during the start 
to produce proper digital control oneratien^^°^^^^'^^°^® sufficient voltage 
20 percent speed, 2903 rpa, as indica^€d epprosimateiy 

tro. data signals such as PS3/PT0 on the tr^^ * ^tiatioa of digital con- 
angle md aossie area at the'lo; end pitch 

tional problems. start region caused no opera- 


^5-3 MAKDAL FAH SPEED COHTROL 

the cont^ofsjSem^SfaSs Sel Hof L^seJ ^ 

a potentiometer lever on the operator control accordance with 

except as limited by fuel schedule temnorar^ control room 

speed limits. With the fan speed {e^S I ^'^erspeed. or eiaitsua idle 
at the exact level desired anfthe co-tl., to set fan speed 

±5 rpa regardless of the fan nitch “*^‘®\®*^"tained that speed withir 
data plotted on the n^nuaflan^ljeed" ^ 
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Figure 54(a), Typical Start 
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15.4 KmMjFAH^CH CO^fTROL 


pi the manual control mode, fan pitch is positioned by Che digital con- 
trol in response to a rotary potentiometer on the operator control panel. 
With this control loop, it was possible to set fan pitch to any desired 
setting with a resolution of 0.1* and the pitch remained within 0.4* of this 
setting as engine speed and nozzle area were varied over a wide range. Sta- 
bility of this control loop also proved to be excellent. Figure 58(b) 

IS a data trace showing a fan pitch change using the manual control potent i- 
otaeter. 

Data from engine testing with fan pitch manually controlled revealed 
hysteresis in the pitch acutation mechanism. Figure 56 shows data from a 
run in raich fan pitch was moved in increments in both directions between 
♦10 and -10 at two different fan speeds with the fan nozzle constant. 

At any particular thrust level, if corrected fan speed, nozzle area, and 
ambient conditions are constant, then actual fan pitch mast also be con- 
stant.^ thus the spread in indicated pitch (measured at the input to the 
actuation mechanism) at constant thrust and corrected speed on Figure 56 
indicates hysteresis in the actuation saechanisa between the oositien trans- 
ducers and the fan blades. To compensate for this, pitch settings were 
approached ,.roa the closed direction and calibration data were taken in the 
same way. The source of the hysteresis has not been identified. 


15.5 MANUAL FAK HOZZLE COKTROL 

Manual control of the fan nozzle on the DU? engine is acccmnlished in 
tns s^e mamner as manual fan pitch control in that fan nozzle ares is posi- 
tioned by the digital control in response to a rotary potentiometer on the 
operator control panel. 

Ibis potentiometer signal was converted to a digital signal and trans* 
Bitted to the engine digital control. Riring engine test, this control ioop 
proved to be accurate and stable with the nozzle in the forward thrust re- 
gion; but near the reverse position (divergent flaps), some instability was 
encountered. Figure 59(b) shows a manual nozzle area change in the 
forward thrust region. Ihe change is smooth and operation before and after 
the change was stable. It was possible to set the nozzle with a resolution 
Of 6 sq cm (1 xn.^) snd it would resain within 26 sq cm (4 in.^) of that 
setting as speed and pitch were varied over a wide range. 


During engine operation in the reverse thrust configuration, with the 
nozzle under manual control, nozzle oscillations were encountered. Tvpically 
the peak-to-peak mangitude of the cscllstions was ±480. sq cm (± 75 in.2) 
and the frequency approximately 8.3 Hertz, the reason for this oscilVatioa 
at the reverse position has not been identified. Oas possible factor is the 
reverse flew of air past the flaps but this cannot be the sole cause of the 
problem because an intermittent, small oscillation at the full c;c sositicn 
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Wsore 57(b). P„ss„. Ratio tontcol Kola, p„„.o ^ 
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Figure 58(a), Pressure Ratio Control Mode, Fan Pitch Angle Change. 
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Figure 59(a), 


Pressure Ratio Control Mode, 


Fas Sozzle Area Cb=ange, 


Jir Ess«»_ 


PM& 








Figure 59(b). 


Pressure Ratio Control Mode, Pan Nozzle Area Change 



TOS noe^ ^en the nossle systea was being calibrated with the engine shut- 
down. A staple correcttoa for the prob lea would be to schedule the aozsle 
so that the actuator ptstons bott^ out in the reverse thrust ®>de. 


15.6 AUTOMATIC O)liTR0L OPERATION 

• ► ^ fiut^tic control sods, control of the manipuiated variables is 

integrated so that the engine is conCrtolled by a sisgle power desss^ input, 
in this ^e, the control systesa basically ssanipulates fuel flow to control 
thrust, e^aust area to control inlet throat air velocity, and fea pitch to 
control fan r{SB. The ratio of compressor discharge static oressure to fres- 
streaa total pressure CPS3/PT0) serves as the thrust parmster so that it is 
actually the parameter controlled fay fuel flow. Overrides are anslied to 
each of the manipulated variables under certain conditions for sifetv or 
operational reasons. 

^Because the integrated control concept just described had act been 
^st^ previously on an engine, eutosiatie operation was introduced gradually. 

V®® autcssatic »de referred to as ^ual 

Aife/gF. In this node, fuel flow is isanipulated to control fS3/FfO in re- 
sponse to the jkswsf demand input fan pitch and ncssle area are cea- 

troued ESffiislly. In this run, the engine was switched fr?s the full 
©SEual to the Essaal Alg/gF Eode at idle sad accelerated is iacressnts 
using tae power deaand input with pitch and area censtsat. 

Bngine operation proved to be quite stable and satisfactory with oscil- 
latioas in PS^/m less than &O.0S ratio units tdjieh is equivalent to lass 
ttm ^0.5 percosst at takooff. 

^ At high power, fan pitch and nossle area were indapsndeatly varied to 
effect ©a PS3/PT0. A 6’ pitch change caused PS3/P|0 to cfesage 
less th^ 0.2 percent and a 2600 sq ca (400 in. 2) area change cause less ® 
than 0.5 percent pressure ratio change. 

AlS/eF^mode* Creces showing operation in the Manual 

UP partial automatic mode referred to as Manual 

Bt. In this mode, fuel flow is manipulated to control ?33/Pt0 in response 
to power demand, nossle area modulates to set a fined inlet Mach aiasber (ex- 
cept as liniteo by aaxisum and minimum area limits), sad fas pitch remains 
under manual control. The control system was switched into the Jhmual eP 
mode at idle. At this point, airflow and inlet Hach number were low and 
nossle area was on the maximum limit of 1.87 square Enters (2900 in. 2). power 
eaand was then advanced into the high power region sdisre islet Mach number 
TOuld oe above tne desired level if ebe nossle rosined on the saximia limit. 

control system reacted properly sad reduced area to msintaia the correct 
Mach number. Operation in this condition was quite stable with fuel flow 
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COCl^TOl. 1. 2.0^ PS3/PX0 SiKi ESiOSSl© STfiS yrtl 1 4 «!#* ••n.t . ^ . 

tions ia FS3/FIO were less than iO.05 unit*- as^er. Oseilla- 

Bode and inlet Mach nas^ber oscinatL^^r^ L- 

level of O.S. A steady-state data traL £*»aa f 0.005 muts at a base 

ure 60. e of this operation is shown on Fig- 



eents 

stant thrust. diff event relationship at con- 

this esperiffisat are plotted on Fiaure 61 sattings checked during 

*icb o^.„, tb, inlet «Lh"^%rL”L:«“r?b“ 

errnv in t-}^^ ^ •• ■» 0.015 units. This variation was caused bw an 

nusaber. equation which converts sensed £P/P into throat^Mach 

r:^sL*Ss 

per.4 soee«,2 „2“f ““ this .^ ... h*- 

the raaaual eode fan rta scH J nT» r prograsEing error which caused 

in the autcSSc ^di^nfcSf L it: T®" 

schedule. -sfiict under »aae conditi«®s with the PS3/Pf0 

r.. 'Sir ».troI «,d. 

the ,„o„eA SciLirL r*”"”*' “‘"j 

ally tries to set takeoff inlet u a. nossle basic- 

is not high enoagli to achiet?e thit demand airflow 

nu. open -ea runs at the max i- 

£« rp.; h.t thie, Iihe»i.e. .. J;i^“1ie.1d LI— “1“ 
pitch runs on the aasiEum closed (floor) schedule. ^ ’ therefore. 

If ^*'® 6^* 

siEply follow the nonsal schedule ?i:: (M Tr":*'T®-®^f’ 

dotted line. At low pow®: Tl kom^h; • T^® ’ "" the heavy 

rpm schedule; except that below about 37 percent theTli^^*** ^**® 

Idle liait was in effect. With the PS3/Pm o ^ 4 the mnimua core engine 

the engine was accelerated K inSlSs o^ it ,". 

dotted line) until the ‘adjusted PS3/PT0 was encounLT lltZll 

£hi. Sirpo\LT,ssir:L-r“/-iLVL 
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Figure 60(a). Mach Number Control Mode 
(Position 19 Set to 0.80). 
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Figure 60(b), Msch Kuisber Control Mode 
(Position 19 Set to 0.80) 








Inlet Mach Ko. (from Engine Data M^asnre^ent 


System) 


et Data, Engine 507-001/2. 


Figure 62. QCSEE Flight Inl^ 




Po'R^r Demand, percent 




Figure 63. 


PS3/PTO 


) 



Figure 64 , Pover Desand Characteristics ia Autonsatlc 
Control Btode, QCSES UTW 507-001/2. 
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Figure 65(a). 


Automatic Control 
1GG% Power Setting 


Mode Stability Check 


at 




Piim 

me. 




luu percent thrust rest^^^^no - 

between line (A) and (B) on P°«er d«^nd 

*20 ^ess than * 0.05 units PS 3 /PTO, -i-O 005 escsllent with oscil- 

^20 vpB fm speed. * \nUt Mach number units, and 


controls fan speed by control loop which 

ated with interaction between fan nit»>h ‘“^'^^^^cteristics is associ- 

p^r th. f., r> 

large fan pitch change is reouirAaVl • ® roof I mi t and relatively 

the nozale is further closed and^U^^pUch percent, 

tain fan speed. changes are required to main- 

A series of autaaatic mode traasien»-» 

•Ith ».U (5 ' 

are shown in Figures 67 through 70 In *»“^8ts. These 

made between 62 end 80 percent thrast ' ® «®*^e 

Tmes for the latter two transients figures 71 and 72. 

change) were 0.5 second for the cLp^and 

escessive fan speed overshoot burst. During 

fhf. ®^®~® ®®“i“g back lo the sch^uIeTir*'® 

should have opened faster than it dirf I^T ievei of 2900. Pan pitch 

trace indicates that the coatrol he^&n * this speed o^ershoct* Ihe 

tliZ si:!'!?-'*” tl »i«» «t«- 


— — '-'go- IM, c 

Bo further transients were run «n • . 

program was terminated at this \ 5 ^®®®“®® ^he engine test 

investigated and corrected. This the o-i!^® 1 ® problem could be 

a 1 second acceleration from 62 to 95 ^rfenr objective calling for 
Also, transients between forward ».,<« ^ thrust was not deojoastrated 
KeverfeUs.. .he J!”'*! '»'«« ^e^heteSS.' 

eceuse u eemonsttateci the feasihiiu! of .!! ® "”“‘<>etee a autcess 

variable power control concept. ®^® “"^<3oe QCSEE OTW three- 

15.7 mCUUTED TURBTHV TEHPERATURR FUNCTIONS 

functions‘Sich''arrL^rpo^iin^by^ calculated turbine temperature 
digital control and which offer the potenS^fo^'"^^ capabilities of the 
mg relative to current engine contr^ syJt^s temperature seas- 
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Figure 71(b). 
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I Figure 71 <c>. Autossatic Control Mode Throttle Chop froa 80% to 62% F^. 
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Figure 72(c). Automatic Control Mode Throttle Burst 


62% to 80% 
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tdPl flow (W) «'S«, 

fo™X, ia the digitel con^r^ fo^ thL t^enorS:’*"'' 

T41C = 14.6 + 1.06468 (T3) ■*■ 23.9437 <W?/PS3)1*245 
Testing shoved this temperature to be 6ft* t-n i«;n* e> t.* t. . 

bretlod error i„ the foel ^“rioe 

to 00 iodicoted fuel floi io the dieijl? S t reoultioj 

to 350 poood. per hoorTrb^v^'rjf^t : e'fb ‘‘ 0 :% oe^^tf" 

o^SoT"o?oi 

■ P V tuirbinc cofs^resso2T discbfirge Pr’essutrp 

inlet temperature (T12), and freestream total pressurl fPTorirt.! ^ 

with the folloving formula: pressure tPTO) in accoraance 


T41CB = 


T5 

.ei2>-i6 


1.0407 


f/PS3\ ' 
|\PT0/ 


i-hovn on 

a new formula based on emoirira! ^^a^- ij formula and it appears that 
temperature calculation Coiffider-blw*^”*^ pro'/ide an accurate turbine inlet 
tioo. »oId be re;1t1rto'?r:;rtu‘'p:t«/*'* 

15.8 DATA HONITORIKG 

£sr!«r„.s:.“3rr. 

However, it was possible to correlate several Ice^ variablel :rdescri^"d 


^5.8.1 Fan Inlet Temperature (T12) 

On the engine, TI2 vas nieesured with fnitT* ^ *.1. 

hTthi'e-ri'™ t'Srd."':" :r:rn ' s:.^rh“£%:S" t> 

T.3 dot. tro. thd to„tro/:;:t„.\^s"t"°L:f 2‘L“„":;!t"r 
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T41 (Calculated from EOT), 



Srr?r® ^*‘® o’^ock position, is sho^ on 

Figure 75. Kaxisia aeviation of the control sensed T12 vas 1.6* R. 

15.3 *2 Freestreaa Total Pressure (PT O) 

Tr 

II \ L control no to be froa 0.09 

c«p^L *»' '‘“X 


Inlet Static Pressure (PSII) 

W*« 8-pressure tap average in the engine inlet 

was compared with control PSll as sensed on both sides of the inferaJ the 
centerline. Kiis comparison is shown in Figure 76. Again the 
error is small ana consistent so that compensation could be appliJl. ’ 


^5-8.4 Compressor Piseharge Temperature mit 


^ <=®=spa^»-foa of T3 as sensed by the engine data svst^ from a siaale 
theraocouple within the engine with control system T3 as sensed bv a 2pa- 

rate, single thermocouple probe, is shown on Figure 77. Control Wstea^T'i 
was consistently low by 0.5 to 2 percent. ^-trol syst®i T3 


15. S. 5 Ccsapressor Discharge Pressure (PS 3) 

dTatm digttil''controrL^?hf QcSf 

cgjjj.. ® concroi on the QCSt.E OTW engine was within 0.4 per- 


15.8.6 Fuel Flow 

fuel fr® calculated turbine temperature discussion, the 

fuel flow level determined by the control system from fuel meterinrveiv! 

from an apparent calibration error and wafc^^ ifteh i; 
lift $50 to'^sn the error varying fro^ m‘L 
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T12, Digital Control 













16.0 VARIABLE PITCH ACTOATIOS SYSTKM 


Of the QCSEE OTO engine, the Hamilton Standard caa/ 
ha^nic dr^e actuator was replaced with the General Electric ball spline 
actuator. Ihis actuator, shown in Figure 78, operates in the following 

A hyd^alic lajtor located on the fan centerline drives a ball screw 

* ‘differential gear and no-back. Linear aotion of the ball 
nut of the ball screw causes the translating sleeve (aiddle meaber) of a 

direction. Ihe ball spline is a double- 
acting member with helical ball tracks between the translating sleeve and 
-nner member and straight ball tracks between the sleeve and the outer ball 
spline nsmber. The inner member is attached to the aft ring gear while the 
outer te^er is attached to the forward ring gear. Translation of the ball 
spline sleeve fore and aft drives the two ring gears in tangentially opposite 
directions. The ring gears, in turn, are mated to 18 pinion gears that are 
spllned to the corresponding fan blade trunnion. 

'd*® hy<dfa«iic motor and the fan blade is 479/1. Tfeo 
LVDi s driven by the hydraulic motor provide a blade angle feedback to the 
engine digital control system. 

7 71 ^3/ tested (see Reference 6) using a 

^ 7 ®'' was changed to a 8.52 cm^/rev 

(0,52 in. /tev) K>tor for the engine build. This was done to obtain more 
torque capaoility for actuating the blades since problems were encountered 
« the first build above 2654 rpa using the Hamilton Standard actuator. 

actuated blades at the maximum fan 

fr^ ^ actuations were made 

(2^0 pS) ^ ^®?5.4 H/cm2 


16.1 ACTUATOR PROBLEMS 

16.1.1 Gear Shicsaing 

^ 2 engine, it was found that 

«^e actuator was shifting, winch caused engine vibration problems. A shim 
^ich controls the clamp-up on the 18 pinion gears was reduced by 0.38 mm 
(0.015 inch) to increase the clamp-up on the gears. All subsecuent testing 
showed no indication of actuator shift. * ^ 
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Backlash 

1 apparent backlash of 5* in the actuator is saore than orisinallv 

vulated. VSiea the actuator was reshiesaed to improve the engine vfbratiL 
^oblem. various checks were made to determine the location irthi^^tLh 

lash has now been a major problCT in testing at the Peebles Test Site. 


16.1,3 Differential Gear Failure 

nihrh°“ failure of the differential gear in the variable 

sr‘- 

likely areas of faiLrrinitiat\^^®w^r^^^'^ cause or sequence. The moat 
® Aft sun gear bearing 
© Planet bearings in the first stage 

@ Piane bearing carrier ^ ^ 

w^\2;Ut"iS tL^lofl^winrch^ge^r® the differential 

© Additional oil was added to the aft sun gear bear ing ,: ' 

® differential coverplate so more oil could 

be introduced into the differential gearing. 

individual planet bearing and gear 
loading to 60 percent of original loading, ® 

* carrier material was changed from aluminum to 

Steel for additional strength. to 

* oil modified to let additional 

oil into the differential gearing. 

s:SL=" 

eSe <. =.ch..ic.l checkout 
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17.0 TEST RESULTS 


marir2^rloUoIsf propaUioa .ystee are sum- 

* thrust mode, unsuppressed source noise exceeded 

estmates. The reasons for this are not f.illy understood, and 

is suggested to deteraine the 
exact source. The acoustic suppression systea perforaed as ex- 

'Hshtlr the 

152.4 a (500 ft) Sideline Koise level 
Based on Four-Engine 58,968 kg (130,000 lb) Aircraft 


■) 


Takeoff 

J^proach 


97, 

95. 


2 EPKdB 
7 EPKdB 


27 percent of aaxiaua forvard in- 
stalled thrust was achieved with -100' open blade angle. The T5 

preventing further increase in 

SIILd *^eversa thrust point, the peak suo- 

pressed sideline noise level was 105 PHdB compared to the 100 PK&iS 

The ball spline variable pitch actuation syst«s was capable of 

faa blade angles at all isa speeds. ApproximaLly 1.4* of 
^Ming hysteresis existed in the systen, probably due partly to 
baU clearance in the spline tracks. For steady-state testing 

tiistinfn^fLr*'® approached against the load, ao that the blade 
twisting Bosents would prevent the hysteresis fross affecting the 
blade a^le. Performance data indicated a difference in blfde 

^le of about 2 compared to previous data with the cam-harmonic 
pitch actuation system. 

%e composite blades, which had been damaged by ingestion of an ex- 
haust nozzle flap during Build 1 reverse thrust testing, were re- 

thir^hT^S **'^‘*®® of. the same design, although it was recognized 
rtat this design was incapable of meeting FAA bird strike reouire- 
Mnts, and had exhibited a vibratory sensitivity in the ran»e* of 
the two-per rev/first flex crossover. The vibratory problem was 
ggravated by high crosswinds and tailwinds. During Build 2 test- 
ing, delays were caused on a number of occasions by adverse wind 
conditions. Previous plans to test the engine in the crosLI^ 

wre^not "ItV forward to reverse thrust transients 

were not attempted. 
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The digital control systea functioned very well during all steady- 
state testing. Stability and accuracy in holding all engine vari- 
ables were excellent in the aanual aode of operation. seai- 

aut^tic modes were demonstrated: inlet Mach number control and 

engine pressure ratio control. Ko problems were encountered during 
these d^nstrations. The fully automatic control mode, in which 
the operator calls for a percent rated thrust and the control sets 

steady-state conditions, and over 
^11 thrust transients (5Z), but allowed a 300 rpa overshoot in 
to to accelerate from 62 to 852 thrust. This was believed 

internal leakage in the hydraulic motor, and 
re testing should include acceleration tests with the electri- 
cal gam of the control circuit ii^creased. 

R continued to operate very satisfactorily. 

Further development is warranted, however, to develop the lube ^ 
systea to reduce oil churning and achieve the design levels of 
gear efficiency. 

^osite nacelle components and the Composite fan frame were very 
i^ ^^‘^®lsmnation occurred in the fr^se vanes and 

in the exhaust nozzle flaps, but parts were readily repaired with- 
out 5^0E!ov^ai frcsa the eagiae. 

^43:37 hours, the radial accessory drive shaft failed, losing 

occurred in the top 
indication of fatigue propagation. tealysL 
S ^ marginal, and that the method of 

® accessory gearbox was unsatisfactory. A replaceaent 

t LrtlJTT* ® =KKiified spline. It was installed with 

^ i-.proved gearbox alignment technique and no farther trouble was 
exj>erieaced • 

Mter 59 hours of engine testing, the differential planetary gears 
in the pitch actuation system failed. This failure apoarent if 

f •“ Replacement parts were ordered with 

design changes to reduce bearing loads and improve lubri- 

® procured, an adapter was 

fivlf ^ enine testing to continue with the fan pitch 

fwfl? replacement differential parts were installed and 
checked out before the end of the test period. 
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